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The pyhsical properties, which are important for 
the textile use, of the PET polyester fibres produced 
in Turky were investigated. Thy  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 
c ystallinity. 
Samples of PET - polyester fibres from POY and flat 
(straight filament) yarns of six main producers of 
Turkeu were used for determinations. The dearee of 
mlstdlinitv was eskmated on the basis of thedens[- 
tyd measu;ements. 
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 yam. 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 yam from Turkey, whereas a certain 
amount is also imported each year. The foreign 
trade of polyester fibre of Turkey is also shown in 
Table I for the period 1984-1989. It is, therefore, im- 
~ r t a n t  that the polyester fibre produced in Turkey 

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, 19891 
to determine it; properties important for the textile 
use like the elastic orowrties as well as those DroD- - .  
er&s relating the i&nal 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 yam 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 yam 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 yam and POY were ob- 
tained from six producers, namely Polylen, Sifag, 
Sonmez Filament, Sonmez A.S.F., Nergis in Bursa 
and Sasa in Adana. No samples could be obtained 
from Sancak Tijl in Istanbul and MNS in Ada 
because they have almost stopped their productic 
The technical specifications of these sample yal 
are given in Tablcs 2 and 3 for POY and flat yarn 
spectively. 
2.2. Methods of Measurements 
221. Tensile Test 

The tensile testing of the fibres were carried ( 

on Textechno Fafegraph equipped with a compul 
The loaddeformation curves were obtained usinl 
cm test length and a breaking time of 20 sec. 
measurements were made for each yarn taki 
specimens from different regions of each Sam, 
yam. 
22.2. Bending Test 

The bending tests were carried out on yams us1 
the ring loop method as described by Carlene (19! 
An experimental set up as shown in Plate 1 was p 
peared to project the shade images of the yam lo( 
on a screen.The magnified images of the loops w 
projected on the screen along with that of gradua 
glass disc placed in front of the loop as shown 
Plate 2. A magnification factor of 21 was obtair 
with a ring diameter of 1,6 ern. The weights used 
distort the rings varied between 3,6 mg and 8,3 1 

according to the denier of the yams used. 
The bending rigidity of the fibre was calcula 

from that of the sample yam which was assumed 
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Tablo I .  Tiirkiye'de Polyester Lif ve lplik flretimi, lhraeh ve 
tthalah mod. 

PET - Polyester 
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Tiirkiye'de iiretilen PET polyester liflerinin tekstil 
olarak kullanrmtnda Snemli olan fiziksel 
tizellikleri incelenmigtir. Bunlar ~ekme mukave- 
meti, kopma uzamasl, uzama, egilme ve burulmn 
modiilleri gibi elastik Szellikler ile yogunluk, erime 
noktasl viskozite, ~ i f t  krrlclllk ve kristallik derecesi 
@bi ic yap1 ile ilgili tizelliklerdir. 
Ol~iimler i ~ i n  Tiirkiye'nin altl belli bag11 
iireticisinden saglanun POY ve diiz PET - polyester 
iplik lif tirnekleri kullanrlmlgt~r. Kristallik derecesi 
yojunluk b'ltpelerine dayall olarak belirlenmigtir. 
Tiirkiye'de iiretilen POY ve duz ipliklerden nllnan 
polyester liflerinin bellibaglr ozelliklerinin, hem 
POY hem de diiz iplikte biraz daha dii~iik Young 
modiilii we kristallik derecesi dejerleri dz$lnda 
bagka iilkelerde iiretilenlere benzer oldugu bulun- 
mugtur. 
L GfRt? 

Diinya lif uretiminin yaklapk %20'sini y~lllk 9 
milyon ton civartnda olan polyester lif iiretimi 
olugturur. Dunya dogal lif iiretiminin 
arttr~lmas~ndaki smrlamalar nedeniyle, insan 
yaprst lif iiretiminin y~lltk %4 - 6 olan artlg 
egilimini surdiirmesi beklenmektedir. Bu 
bahmdan polyester liflerinin ozelliklerinin ve gele- 
cekteki olanaklannm incelenmesi siirekli ilgi konu- 
su olaeakhr. 

Tiirkiye'de PET polyester lif iiretimi devamh lif 
ipligi olarak 1968'de baglam~ghr. Su anda altw 
qahg~r dummda sekiz kumlug bulunmaktadtr. Tab- 
10 1 1984 - 1989 donemi Tiirkiye polyester lif iireti- 
mini gostermektedir. Tiirkiye aym zamanda hem lif 
hem de devaml~ filament ipligi olarak polyester 
ihraq etmekte, buna kargm her y ~ l  bir miktar da 
itha1 etmektedir. Tablo I'de aym zamanda 1984 - 
1989 doneminde Turkiye'nin polyester lif dtv ticare- 
ti g6sterilmigtir. Dolayls~yla, Tiirkiye'de iiretilen 
POI-yester lifinin tekstil kullantm~ aqstndan onemli 
o h  ozelliklerinin bagka yerde uretilenlerinki ile 
kargdaghnlabilir diizeyde olmast onemlidir. 

Table 1. r.~ 
port of Turke 

Years 

flretim 
Production 

Uf / F h e  

lhracat 

lplik I Yarn 

Import 

Ltf I Fibre 

lplik / Ynm 

-ester Fibre and Yam Production, Export and Im- 
ITons). 

mcr : DIE 

Bununla birlikte, Tiirkiye'de iiretilen polyester lif- 
lerinin ozellikleri hakkmda herhangi bir inceleme 
ya da yay~nlanmtg a y r ~ n t t l ~  bir arastlrma ol- 
mamlgttr. Bu aqdan, elastik ozellikler yanmda lifin iq 
yaplstna iligkin ozellikler gibi tekstil kullantm iqin 
onemli olan ozclliklerinin incelenmesi bu 
~ a l ~ $ m a n ~ n  [Bozdogan, 19891 oncelikli amact 
olmugtur. 

Saptanan elastik ozellikler, cekme mukavemeti, 
kopma uzamasl, uzama, egilme ve burulma 
modiilleri olmugtur. Saptanan yap~sal ozellikler ise 
erime noktas~, yogunluk, viskozite ve ~ i f t  
k ~ n c ~ h k t ~ r .  Hem elastik hem de yaprsal ozellikleri 
etkileyen kristallik derecesi ise yo&nluk olqiim- 
lcrine bag11 olarak hesaplanmrghr. 

Polyester lifi dcvamh lif ipliB, tekstiire iplik ve 
kesikli lif olmak iizere iiq biqimde kullan~l~r. Polyes- 
ter lifinin hem diiz filament iplig hem de tekstiire 
iplik olarak kullan~m a lan~ son ylllarda biiyiik 
olqiide geniglcmi2tir. Bunun d o m d a n  bir sonucu 
olarak, Tiirkiye'de diiz filament iplik iiretim ve ih- 
racatt da biiyiik olqiide artmlgttr. Bu nedenle, 
oncelikle devamlt filament polyester lifinin diiz 
iplik ve POY (k~smi yonlenmig iplik) olarak ince- 
lenmesi uygun goriilmiigtiir; zira POY, diiz fila- 
ment veya tekstiire iplik uretiminde ilk agamadr. 
2. DENEYSEL @LI$MA 
2.1. Olciimlerde Kullanilan Materyaller 

Bursa'da Polylen, Sifag, Sonmez Filament, 
Sonmez A.S.F., Nergis ve Adana'da Sasa olmak 
iizere a h  iireticiden POY ve diiz filament iplikleri 
saglanm~gt~r. fstanbul'da Sancak Tiil ve Adana'da 
MNS'den ornek elde edilememigtir; qiinkii bu fir- 
malar iiretimlerini hemen hemen durdur- 
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Table 2. POY fibres invffitiaated and their technical specifications 1 

kwI2 cos 0 
G = ......................................................... (1) 

tan 0 

Tablo 2. p l q m a d a  incelenen POY lifleri ve teknik 6;ellikleri 

where G is the bending rigidity of the yarn I is the 
loop circumference, o is the weight, k is a constant 
equal to 0,0047 and 0 is given by 8= 493 d/l, 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. 
223. 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- 

calculated by the formula 

where T is the period of oscillation and I is the mo- 
ment of inertia of the rod given as 1/12 m (3 R4L2). 
Here m is the mass, R is the radius and L is the 
length of the rod. 
22.4. 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 
CC14 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 23k1 "C water 
temperature. 
22.5. Viscosity Measurement 

The viscosities of the s a m ~ l e  fibres were meas- 

be the sum of the bending rigidities of the fib- termined by repeating the experiment 15 times on 
res,given by the formula the same fibre by giving a torsional a n ~ l e  of 1 rad/ 

cm to the wire rod. The torsinal rigid~tes, T, were 

List N o  
Slm No 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Number of 
filament 
Filament 

S o y s t  

33 
32 
32 
32 
28 
34 
34 
34 
34 
36 
36 

I 
Plate 4. To~lonal Fibre Pendulum. 

Colour of Yam 
Iplik Rengi 

Yanmat 
Yanmet 
Yanmat 
Yanmat 
Yarmat 
Yanmat 

Parlak 
Yanmat 
Yanmat 

Parlak 
Yarlmat 

Namo of Plant 
F o b r i b  lsmi 

A 
B 
B 
B 
C 
C 
D 
D 
E 
F 
F 

Approximate winding 
on speed m I W. 

Yaklqzk Sarlm Hut  
fm / dnk) 

32W 
35CU 
33M 
35M) 
32W 
3097 
32W 
32W 
33W 
35M) 
34W 

Resim 4. Lifte Olu5turulan Rurulma Sarkaa 

Yam Count 
(penier) 

lplik Num. 
(Denye) 

247.9 
156.48 
147.20 
242.24 
117.04 
2M.99 
234.60 
258.40 
261.80 
2433 
1 56,W 



Tablo 3. Q l q n a d a  rncelenen Dilz lplik Linerl ve Teknik i)zeUikleri. 
Table 3. Hat Y m  Fibres Investigated and Their Technical SpedHcations. 

lplik Num. Filament 
S~ra No Fabrika Ismi lplik Rengi (Denye) Says1 
List No Name of Plant Colour of Yarn Yarn Count No. of 

(denier)  f i lament  

H~zt (m / dak) 
Approximnte Headset t ing 
winding on TemperatUr 

speed m / szc. 

1 1 1  A I Yanmat 1 89.16 1 33 I 800 I 160 I 
A Parlak 135 33 8W 160 l i l :  I Yanmat Mat I 150,W 89.90 I I 7l5 I % I MM 

1 5 1  C I Parlak 1 144 1 30 I 637 I 170 I 

muglard~r. Bu 8rneklerin teknik Bzellikleri s~ras~yla 
FOY ve diiz iplik iqin Tablo 2 ve 3'de gosterilmigtir. 
2.2. Olgne Yhtemleri 
221. Cekme Testi 

h e k l e r d e  qekme testi bilgisayarla donahlmq bir 
Textechno Fafegraf~nda yap~lmtgt~r. Yiik - defor- 
masyon e@leri 2 cm. test uzunlugu ve 20 sn. kop- 
ma zamanl uygulayarak elde edilmigtir. Her iplik 
i ~ i n ,  test orneklerini her ornek ipligin farklt 
biilgelerinden alarak 16 ol~iim yaptlmtgt~r. 
222. Egilme Testi 

lplikler iizerinde egilme testleri Carlene (1950) ta- 
raf~ndan aqklanan halka metodu kullan~larak 
yap~lm~gt~r.  lplik halkalarlnm golge go~ntuler ini  
bir ekrana diigiirrnek isin Resim I'de goriilen de- 
nev duzenegi haz~r l an rn t~ tw .  Halkalarm 

I 

bii>iitiilrnii$ vgiiriintiileri halkantn aniine 
yerlegtirilen ve Resim 2'de goriilen taksimath cam 
diskinki ile birlikte ckrana vanslhlrntslard~r. 1.6 cm 

6 I C 

halka Cap1 ile 21 bii-yiitmdfakt6rii Gde edilmigtir. 
Halkalart deforme etmek i ~ i n  kullan~lan aglrltklar 
kullan~lan iplik denyesine bag11 olarak 3,6 mg ile 8,3 - - 
rng arasmds de&migtir. 

Lifin egilme rijitligi, liflerin egilme rijitliklerinin 
toplam1 oldugu varsaytlan ve 

1 Mat I 69,s 

kwlz cos 9 
G = ......................................................... (1) 

tan 9 
formiilu ile verilen ornek ipligin egilme rijit- 
liginden hesaplanm~gttr. Burada G iplign egilme ri- 
jitligi, l halka cevresi, o ag~rl~k,  k 0,004Tye egit olan 
bir katsay~ ve d halkanm deformasyonu olmak 
iizere 9 = 493 d/ltdir. Egilme modiilii, rijitligi lif ke- 
sit alanmn kutupsal atalet momentine bolerek he- 
saplanmtghr. 
2.2.3. Bumlma Testi 

Liflerin burulma rijitligi Resim 3'de gosterildigi 
gibi diizenlenen bir deney diizenegi kullanarak bu- 
rulma sarkac~ prensibine gore olr$lmiigtiir. Buml- 
ma sarkac~, Resim 4'de gosterildigi gibi, 3 mg 
agtrltg~nda bir mum parqasl ile tel pbuga saptanan 
ve yukar~ya astlan 1 cm. uzunluklu lif orneginin 
ucunda yatay olarak tutulan hafif bir tel ~ubuktan 
olugmaktadtr. Deney diizeneginin ve test 
orneklerinin haztrlanmasmda Meredith (1954) ve 
Owen (1965) ~altgmalan izlenmigtir. 

Degigik denyelerde ornek liflerle kullamlmak 
iizere, Meredith (1954)'in onerdigi bidmde polyester 
lifine 0,05 - 0.2 g/tex olqiisiinde bir gerginlik verecek 
olan, degigik boyut ve ag~rhklarda bir tel ~ u b u k  seti 
haztrlanmqhr. Tel ~ubuga  1 radyan / cm bumlma 

Resim 1. Erjlme Testi Deney Diizenegi. 
Plate 1. Experimental Set Up for the Bending Test. 

24 

Resim 3. Burulma Testi Deney Diizenegi. 
P h ?  3. Experimental Set Up for the TorsionTest. 

67 
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Plate 6. Experimental Set up for the Determination of the. 
Melting Point. 
Resim 6. Erime Noktm Tayini i#n Deney mzencgi. 

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 qr was 
calculated by the formula 

where? was the average time of 3 measurements 
and the intrinsic viscosity q 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 atornotic 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- 
pensator (Plate 7). The birefringence index was cal- 
culated from the formula 

Table 4 
Tablo 4 

f i e  Results of the Tensile Test on POY Polvester Fibrn 
'OY pol - 

Fab. 
lsml - 

A 
B 
B 
B 
C 
C 
D 
D 
E 
F 
F 

ter Liflerinde Yap~lan @ h e  Deneyi %I 

Kopma v13M Kopma uzaman 

Ort. 
19, - 

2276 
14,70 
13,63 
21.61 
11.48 
2485 
19.55 
22,24 
21.61 
20.05 
13,778 

Stan. Stan. 

122 1744.0 13.54 
1.02 166.50 13.57 

183.75 1736 
222 17750 11,22 
0.93 1n.w 17.86 
1,44 210.50 18.69 

198,50 1503 
1.43 19325 12.09 
1.63 206.75 74.20 
2.05 21058 15.75 
0.85 184.75 13.17 

T ......................................................... An= -- (4) 
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 yams were meas- 
ured according to TS - 838. The fibre diameters were 
measured using a lanamcter 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 yam 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- 
uc 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 yam fibres respec- 
tively. The results of the torsion tests are shown in 
Tables 8 and 9 likewise. 
3.2. Structural Properties 

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 q b y  the 
formula 

at. 
g/dm) - 

3.m 
3.01 
2.96 
2.85 
275 
2.68 
2,83 
2.93 
2.81 
2.96 
3.18 

Ian. 
Kopm 

Mukave 
B 

meti 
Stan. 

japma 
g/den) 

0.16 
0,21 
0.28 
0.29 
o2 
0.18 
0.19 
0.19 
0.24 
024 
020 

TEKST~L VE M A K ~ N A  MI.: 4 SAM: 20 N ~ s A N I ~ W  

1. Modal Z Modal 

Or'. 
@Idm) 

1337 
13.69 
14,40 
9.85 
11.10 
13.80 
12.74 
7.99 
836 
14.63 
10.40 

Ort 
&/dm) 

1,75 
2/32 
1.91 
1.74 
177 
1.67 
1.70 
132 
1 s  
1.68 
2,05 

Stan. 
Sapma 
@/den) 

1.82 
4 2  
6 2  
2.07 
521 
3.48 
6.12 
3.n 
3.19 
3.45 
5.14 

Stan. 
sapma 
& I d 4  

020 
0.23 
413 
0,13 
0 3  
0.11 
0.12 
02 
0,12 
412 
024 



aqlsl vererek 10 ornegin sallnlm peryodlarl, deneyi 
aynl lifte 15 kez tekrarlayarak belirlenmigtir. Burul- 
ma rijitlikleri, r ,  

4+I ................................................. I- = (2) 
'T2 

fonniiliine gore hesaplanmqtlr. Burada T sallnlm 
periyodu ve I, tpbu&n 1/12 m (3 R2 + L2) olarak ve- 
rilen atalet momentidir. 

Burada ise m qubugun kiitlcsi, R yarlqapl ve L 
uzunlugudur. 
22.4. Yo&nluk 6l<iimii 

Ornek liflerin yogunluk ijlqiimleri Techne marka 
bir yo&nluk gradienti kolonunda Zimmer, 877 - 
070164'e gore Bl~iilmiigtiir. Kullanllan kolon Re- 
sim 5'de gosterilmigtir. 1.2 g/cm3 kanglm qozeltisi 
yo&nlu& saglayan 0,73 g/cm3 yo@nluklu 430 cm3 
n-heptan'm 1,6 g/cm3 y o ~ n l u k l u  570 cm3CC14 ile 
olan bir kanglml hazlrlanmlgtlr. Alet 23+1 O C su 
s~cakh@nda kalibre edilmig ve kullan~lm~gt~r. 
225. Viskozite Ol$limii 

Ornek liflerin viskoziteleri bir Oswald viskozi- 
metresinde 25 OC su banyosunda ve ak~g hrzm 1/10 
sn duyarllkla saptayarak olqiilmiigtiir. 4 g orncklcr 
allnmlg ve 100 "C'de 50 ml 0-Klorofenol'dc 
~oziilmiiglerdir. Ba@l viskozite q , , 

- 
formiiliinden hesaplanm~gt~r. Burada t i i ~  olqiimiin 
ortalama zaman~dir ve intirisik vizkosite q, T 272 
katalo&nda verilen donugum tablosundan okun- 
mugtur. 
22:b. Erime Noktas~ Tayini 

Ornek liflerin erime noktalarl Zimmer - 877- 
07095-2'ye gore Resim 6'da birlikte gostcrilcn bir 
I S I ~ C I ,  bir Dialux 20 EB mikroskop ve bir otomatik 
d u r d u m  dii@esi ile donahlmlg olan Mettlcr FP 5 
erime noktasl tavini aparatlnda olqiilmiigtiir. 
227. Cift ~ u ~ l m i  ~ e s d  

Ornek liflerin qift kmlma karaktcristikleri, ozcl 
bir kompansatorle donatllmlg bir Wetzler SM - 
LUX - POL ~olar ize  mikroskobu (Resim 7) kul- 
lamlarak be1i;lenmigtir. An qift kmlma endisi 

formiiliinden hesaplanm~gt~r. Burada T faz farkl ve 
d lif qapld~r. 
22.8. Diger Fiziksel Testler 

lpliklerin nem iqcrikleri TS - 838'e gore 
olqiilmiigtiir. Lif Cap1 her ornek iqin 100 ol~iim ol- 
mak iizere bir lanametre kullanarak olqiilmiigtiir. 
Liflerin denye cinsinden lineer yo&nluklarl da 
DIN 53812'de aqlklanan kesme ve tartma 
yontemiyle belirlenmigtir. 

Yag icerig ~oziicii ile ekstraksiyon metodu ile 3 4  
g aglrhkta ornek vc qoziicii olarak Freon - 11 kul- 
lanllarak belirlcnmigtir. 
3. SONUCLAR VE TARTISMA 
3.1. Elastik 6zellikler 

Fafegrafta yapllan ~ c k m e  testlcrinin sonu~larl 
POY ve diiz iplik liflcri i ~ i n  slraslyla Tablo 4 ve 5'de 
gostcrilmektedir. Tablolar elde edilen yiik- 
dcformasyon egrilcrindcn hesaplanan Young 
modiillcrini dc iqcrmcktedirler. Sekil l 'de 
goriildiigii gibi, POY liflcri iqin yiik-deformasyon 
egrilcri, ilki bir tepe noktas~, daha sonra da e@ tek- 
rar diizelinceyc kadar bir qokme bolgesi gosteren iki 
bclirgin bolge gostermektedirler. Dolayls~yla birinci 
ve ikinci modiil ad1 verilen iki farkh Young 
modiilii hesaplanm~gtlr. 

Stress 
lor 

f 

1. Modlil (Young Mod.) lorlonmo 
B61gcri Slroin 

I 
Sekil I. POY Liflcrinin Zor-Zorlanma Grafigi. 
Fig. I .  Stress-Strain Cuvc for POY Fibres. 

1. Modiil 
(Young Mod.) 

(glden) 
(gldm) 

137.66 
113.02 25.44 
83.40 2 5 3  
99.92 
66.7 15,60 
72.43 23.05 

Tab10 5. Dik Polyester Uflcrde Yapllan Cekme Deneyi Sonudan. 
Table 5. The Results of the Tensile Tests on Flat Polyester Yam Fibres. 

Kopma 
mukaverneti 

Slra 
No 

1 
2 
3 
4 
5 
6 

Kopma Uzamas~ 

Ort. 
(gIdcn) 

5,14 
5,51 
5.00 
5.89 
4,Rl 
521 

Fab. 
lsmi 

A 
A 
B 
B 
C 
C 

Or'. 
(70) 

30.42 
34.68 
49.50 
45.90 
41,90 
46.80 

Stan. 
Sapma 
(glded 

031 
031 
0,27 
034 
0.10 
039 

Koprna yiikl7 

Stan. 
Sapma 

(%) 

738 
539 
9.41 
8 .E  
6.73 
3.76 

at. 
(9, 

13.87 
2252 
U,45 
1825 
ZJ,W 
15.21 

Stan. 
Sapma 

(9, 

0,83 
1.28 
1.27 
1.04 
2.1 1 
1.13 



Table 6. ?he Rrrults of the Bending Tests on POY Fibm 

where dr  is the density of fully crystallined polyester 
fibre, d. is the completely amorphous polyester and 
d is the experimental value obtained. 
3.3. Fibre Diameter, Fibre Denier, Moisture and Oil 
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 
yam 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. 

70 

Tablo 6. POY Lifleti ien YapIan  me Dcneyi Sanqlan 

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 yam fi- 
bres which was -0,69 but the correlation coefficient 
calculated for the POY 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 coefn- 
cicnts being 0,21 for FOY and 0.42 for flat yam fibrc 
3.5. Discussion 

The primary purpose of this work has been to 
tablish certain physical properties of the PET p l y  
tcr fibres produced in Turkey which are most il 
portant for textile uses, the elastic properties bei 
of the greatest interest. I t  is also a known fact tl 
the elastic properties of the fibres are greatly affect 
by certain physical properties relating the inn 
structure of the fibres. Among these properties t 
crystallinity based on density measurements h 
been the focus of attention. Nevertheless it was r 
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List No. 
Szm No. 

1 
2 

Bending modulus 
Efi lmt modiilii Name of 

Plant 
Fnbrika 

lsmi 

A 
B 

Hanging 
load 

Askr Yiiku 
(mgl 

8 3  
51 

Mean 
Oil. 

x 1 ~ ' ~  (dyn- an2) 

1.55 
2.58 

Standard deviation 
Stondart Sopma 

X I U ' ~  (dp-an2) 

0 3  
1.49 

Bending rigidity 
Egilmc rijillifi 

Mean 
Ort. 

xl[r3 (dyn- rn2) 

4618 
31 33 

Standard deviation 
Slondnrl Snpma 

xl[r3 ( d p -  an2) 

10.16 
18.05 



Resim 5. Yogunluk Gradienti Siihlnu 
Plate 5. Dendty Gradiant Column. 

EBlme testi sonuqlan M3Y ve diiz iplik lifleri icin 
s~ras~yla Tablo 6 ve 7'de gosterilmektedir. Ayn~ 
~ekilde b u ~ h a  testlerinin s o n u ~ l a r ~  Tablo 8 ve 
9'da gosterilmektedir. 
3.2 Yap~sal &ellikler 

Yogunluk, viskozite, erime noktas~ ve cift 
h n c ~ h k  ol~umleri, molekul a@rllg~, polimerisaz- 
yon derecesi ve kristallik derecesinin hesaplanmq 
degerleri ile birlikte POY ve duz iplik lifleri iqin 
slras~yla Tablo 10 ve ll 'de gosterilmektedir. Kristal- 
lik derecesinin, 

4 (ddJ  
= k= ..................................................... (5) 

d (dkd.) 
Tablo 7. W iplik llfleri idn yapllan egilme deneyi sonuQan 
Table 7. 'Tke resutts of the bmdinr trst on flat uarn fibres 

Resim 7. Gift Krncll~k Olgernii iqin I<ompansatiirle Do- 
natllrnq Polarimikroskop 
Plate 7. Polarized Microscope Fifted with Compensator to 
Measure Brcfringcnce. 

formulune gore hesaplanmasmda yogunluk 01- 
cumleri kullan~lm~ghr. Burada dk tam kristal polyes- 
ter lifin yogunluk, d,, butunuyle amorf polyester li- 
fin yogunlugu ve d elde edilen deneysel degerdir. 
3.3. Lif  cap^, Lif Denyesi, Nem ve Yak i~erikleri 

Lif cap) ve denyesi, nem ve yag i~erikleri olmak 
uzere elastik ozellikler uzerinde olduk~a etkili olan 
fiziksel ozellikler hem POY, hem de diiz iplik lifleri 
i ~ i n  Tablo 12'de gosterilmi$lerdir. 
3.4. fstatistiksel Analiz 

Cekme, egilme ve bumlma modullerinin kristal- 
lik derecesi uzerinde etkili bir faktor olup ol- 

51- No. 
List No. 

1 
2 
3 
4 
5 
6 

Fabrika 
ismi 

Name of 
Plant 

A 
A 
B 
B 
C 
C 

Ash Yiikii 
Hanging 

load 

(m€9 

5,l 
21 
5,l 
5 1  
5 1  
5 1  

Egilme rijltligi 
Bending rigidity 

Egilme modillii 
Bending modulus . 

Ort. 
M a n  

x lu3  ( d p  on2) 

35.71 
36.52 
34.72 
3424 
37.47 
3 4 3  

Ort. 
M e a n  

x1L?l0 (dP-on2) 

7,45 
3.42 
3.07 
6.68 
2.61 
8.22 

Standart Sapma 
Standard deviation 

x l u 3  ( d p  an2) 

23.80 
24.95 
17.99 
8.97 
14.01 
12.40 

Standart Sapma 
Stondnrd deviation 

x l ~ "  (dp- an2) 

4.97 
2.34 
1.59 
1.75 
0.98 
2.96 
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Table 12. The diameter, denier, moisture and oil contents of 
POY and flat fibres 
Tab10 12. POY ve dilz iplik Hflerinin qap, denye, nem ve yag 

Table 10. The structural properties of the POY fibres 
Tablo 10. POY LiRerinin yap~salazeUikleri 

Iqerikleri 

content 
Miklarr 

27.89 0.41 025 

Rat 
yam 
Dilr 
iplik 

possible to establish direct relationships between the 
elastic properties and the crystallinity as determined 
from the measurements on the given samples. This 
may be due to the sample size, which depended on 
the number of firms producing PET polyester fibres 
in Turkey, this being not sufficiently large. On the 
other hand, it may also be argued that the range of 
crystallinity covered which lay between 2.27 % and 
10.80 % for the POY fibres and 33.55% and 40.39 % 
for flat yam fibres was too small to establish direct 
relations with too few samples due to statistical er- 
ror and other factors such as denier etc. being effec- 
tive on the elastic properties. 

It is also of interest to establish how the PET poly- 
ester fibres produced in Turkey as POY and flat fila- 
ment yarn stand among other products porduced in 
other countries. Table 15 shows the values obtained 
along with those cited in the literature [Bragato, 
Gianotti, 1983; Farrow, Hill, Weinle, 1969; Gacen, 
Maillo, 1988; Garton, Carlsson, Holmes, Wiles, 1980; 
Guthrie, Morton, Oliver, 1954; George 1982; Hamza, 
El-Dessouki, 1987; Meredith, 1954; Prati, Seves, 1974; 
R~ngwald, Lawton, 1975; Tarakqo@u 1986; Varma, 
Agarwal, Varma 19861. It will be seen that the exper- 
imental values obtained compare well with those 
given in the literature except that the young modu- 
lus and the degree of crystallinity are a little low 
both for POY and flat filament yam fibres. This is a 
direct result of the recent developments in the ten- 
sile strength of polyester fibres [Gacen, Maillo 19881. 
4. CONCLUSIONS 

Work done on some of the physical properties of 
the PET polyester fibres produced in Turkey show 
that on the whole they compare well with the val- 
ues given in the literature. It may, however, be stat- 
ed that the tensile properties need further improve- 
ments. 

The work has also shown that to establish direct 
relations between the elastic properties and the 
properties relating the inner structure like crystal- 
linity a more strictly controlled experimental work 
in the production plants should be carried out on 
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Birefringence 

Gift krrlnro 

x103 

25.05 
3035 
30.86 
24.53 
33.06 
24.40 
2 6 3  
24.82 
2425 

&t 
No 
Sm 
N o  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
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Degree of 
crystallinity 

Kristnllik 
dereceri 

(96) 

227 
837 
7,67 
7 3  
471 
432 
561 
5,43 
9,46 
I080 

Molecular 
weight 

MolckYl 
a@rlt@ 

23148 
21148 
21450 
21450 
21191 
22710 
22754 
23499 
21 883 
21927 

Density 
Y o f u n l u k  
(p / an3) 

1,33375 
12445 
1 3 3 5  
133434 
1 3 m  
1 3 m  
1,3412 
1 3 1 0  
1,3455 
1 3 7 0  

Degreeof 
polimeri- 

zaHon 
Polimeri- 

xasyon 
dereceri 

120.56 
110.15 
111.72 
1 l l . n  
11027 
118.28 
11831 
12239 
113.97 
114.20 

intrinsic 
viscosity 
fnlrinrik 
V i s k o z i k  

0,652 
O,M16 
0,613 
0,613 
0.607 
0732 
0,643 
0.663 
0.623 
0,624 

Melting 
point 
Erime 

noklost 
(0 

256.70 
256.55 
257.05 
259.05 
257.90 
256.70 
256.30 
2 5 7 3  
261.15 
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Tab10 13. POY Lifleri i d n  Varyans Analizi Sonuclar~ 
Table 13. Results of thewriance tests for POY fibres 

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 do@udan iligkiler ortaya koymak iqin, iiretim tesis- 
qekme mukavemetinde son ydlardaki gelismenin lerinde aynl lif tipi iizerinde, proses degigkenlerini 
direkt bir sonucudur [Gacen ve Maillo, 19881. degigtirerek elde edilen daha genis bir kristallik de- 
4 SONUC recesi aral~gmda daha srkr bir biqimde kontrol edile- 

Tiirkiye'de iiretilen PET polyester liflerininin cek deneysel qalqma yap~ lmas~  gerektigini de 
ban fiziksel ozellikleri iizerinde v a ~ ~ l a n  cal~sma eostermistir. " 
gostermigtir ki, elde edilen deierfer'rrenelhe iite- ----.,.,,,: 

. . - " .  " .  
- Aynca qallgrna, elastik ozellikler i k  kristallik de- ment ne Sass fabrikolnrr yrtkililerinc yordzmlortndon dalayr 
recesi gibi iq yap1 ile ilgili ozellikler arasmda tesekMrir borq biliriz. 

Table 15. Denewel Dehrlerin Ortalamalar~mn Literal& Dekerlcri ile Kar$da$hrdmasl 
Table 15. ~ o m h s o n o f  the Mean Experimental Values wi& those Given in~the Literature. 
I I POY I ifipri I ~ i i z  I D I I ~  Lineri I 

I F i W  (izellikter 
Physicnl Properties 

. - . -. . .. . 
POY Fibres 

I Erime Noktasr (DC) 
Meltins Point 

Flat fnrn Fibres 

Literature I Erperimentol I Literature I Experimental 

lntrinsik Viskozite 
Intrinsic Viscosity 

p f t  ffinlma (x 10 3) 
Briefringencc 

Kopms Mukavemeti (glden) 
Breaking Strength 

Kopma Uzamesl (70) 
Breakinn Extension 

Llteratiir I Denevsel I Uterat"r I Denevsel 

Young ModtUii (glden) 
Young Modulus 

1,341 - 1,344 

Egllme ModtUil( x10 10 dynIcrn2) 
Bcndinn Modulus 

1 3 -  1.41 1,3422 

Burulma ModtUii (xlO 10 dynlcm2) 
Torgionnl Modulus 

Krlstalllk D e r ~ p s i  (46) 
D r p c  of Crystmllinily 

Polimerlznsyon D-i 
Degree of Polimnihzfion 

Molecular Weight 
Molecular Wcixht 

13723 

2W00 dvan 1 22047 1 20WO "van (approx) 

I I I 

113.92 1 W civan (approx) 1W dvan 114.83 




