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ABSTRACT

ypothesis: Fibers with low melting point have high bonding strength with
Hother fibers, and in addition, they have a controllable melting temperature

and good processability. Currently, these fibers are used in production of non-
woven fabrics for textile, medical and agricultural applications. In this study, melt
spinnability of two grades of low melting point co-polyester in high speed spinning
has been investigated. Also, structural, rheological and physical properties of the
resulting filament yarn have been studied.
Methods: The properties of polymeric chips were investigated, and for this purpose,
differential scanning calorimetry analysis, melting point determination test, drying
conditions and rheological analysis were carried out. Then filament yarns produce,
and their properties were investigated. Linear density, yarn tensile properties, melting
temperature, thermal shrinkage, rheological properties, X-ray diffraction, differential

scanning calorimetry, optical birefringence index and surface longitudinal cross-
sction were analyzed

Mo el Ga-pal s Findings: The results of thermal analysis of polymeric chips with low melting point

’ analysis showed that the used polymers are not crystalline and their melting point is
melt spinning, about 176°C. The temperature 60°C for 24 h is enough to dry the chips, and the melt
of these materials has a viscous behavior. Both low melting point co-polyesters grades

spinnability, o . . -

o - b were spun by melt spinning process. But only one of them had a suitable spinnability.
crystallinity, After melt spinning, as-spun yarns were drawn because it was necessary to produce
erEmE e no brittle filaments. The results of the investigation of the properties of as-spun and

drawn yarns showed that the best conditions for melt spinning of the copolyester yarn
is as follows: the optimum extrusion temperature of 230°C and the take-up speed of
2500 m/min. All samples have no crystalline region, the polymer chains are oriented,
and the phenomenon of rheological instability, such as melt fracture during melt
spinning, which disrupts the cross-sectional area of the fibers, has not occurred.
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Table 1. Characteristic peaks and functional groups in FTIR spectrum of co-polyester with HV and LV grades and fiber grade

polyester.
Wave number of Wave number of Wave number of
Functional groups : Pealf Characteristic peaks (cm™) | Characteristic peaks (cm™) | Characteristic peaks (cm™)
— (Fiber grade polyester) (LV grade) (HV grade)

=C-H Benzene ring Sharp 718 722 722

C-O Stretched ester group Sharp 1015 1015 1015
C-O Stretched ester group Sharp 1090 1090 1090
C-O Stretched ester group Sharp 1241 1224 1224
C-H Symmetric bending Weak - 1373 1372
C=0 Stretched ester group Sharp 1711 1716 1714
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Table 3. Drawing conditions of as spun yarn with HV and

LV grade.

Draw Drawing
Sample :
ratio | temperature (°C)
Drawn, 240°C, 2000 m/min 2 40
Drawn, 240°C, 2500 m/min 1.75 40
Drawn, 230°C, 2000 m/min 1.75 40
Drawn, 230°C, 2500 m/min 2 40

e Slod b il g (sl ) i &5 (55348 9 S HUBLL olgd 9 ) g puw by ()l 3 s B

g 53 b edddd s ety Slag sl Ll 2 =Y Jou
LV 3 HV il LS
Table 2. Melt-spinning conditions of filament yarns produced

with two grades HV and LV.

sample Extrusion temperature (°C)
HV1 240
HV2 230
LV1 240
LV2 230
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Fig. 1. Differential scanning calorimetry for two grades HV

and LV co-polyester.
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Fig. 2. Changes in storage modulus, loss modulus and viscosity of two grades of copolyester (a) HV and (b) LV.
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Fig. 3. The difference between loss modulus and storage

modulus versus frequency of HV and LV grades copolyester.

Sl ol ol les g Oga3T cnl 53 slie digs ol 5
w53 gles s 05031 53 Al oS g5 50 cnl gl s sl
oA s e £ 55 23d Sl 03 el sy
L ol S, rl_(;a 059 7St gl 53 Dl (s o 0L
g el anly gl b S g g 93 (WBBOL 2 ol w

b e e (6 ey Sl ey 03 SUSCE (Lo s 0505 2
ol 2les S oy Sla e 03 S Slles (il b
Sla o ol OLE L w350 s Al B ol <=l>.u.‘ sl
frmin Cdeay 44°C gles ;3 HV 5 LV il LS g5 55 A
Lol s oys 55 A CC (glos 5 aml e el 3 a5 IS ISCoa,
5 s e Sl e SIS Ay min ez VeOC (gles s
PUC glos 03 SRS o SIS 5y ) Dbl e
03 S S sles Olyeas VY h Oloy 5 03 S slos Ol ey
b s b 215 51 S b by b 1 s

S HV LV il LS g 03 sy S35 03l @b
e 50253 J e Ol i LSl sl e3ls GLES (B) 5 () Y IS
HV LV il LS §5 35 A2 LS o et dalew il 5l
1 gl s el 4l 50500 505 3 Jae dalg L2158l L
oS g yp Wi gad 33 R 53 e Wil abal Sl 55 o 5
22 kS o Jos 658 55018 hde m el i SO s
A1 5O Sl gl (g e Lo B e iy oS el
Felh S s 53 a3 SN e doke by o
3l 03 g 33 A 53 G L 355 4T G HV S LV
ol 035 o 6 mnl Clie 53 5,018 kE, sk ey 1 sl

&Y 53—)3T D o losds spaliudig o JUw posly $I919ISS 9 pole «sole dlxo AYA



Slod byl SlygS (Sl ) i & (553548 9 )AL (Ylga 9 L) ey b Gyl de wulsls

2513 (635 (S ClB el 5Vt ol b 55,5 0
S Sl B Ve B0 o OOy, &S el s
0 5l 528 Wl ey &5 o 3 5 ool lawsia B iens oy
A Dl e O e e Oy B el 2L
Voo Pa sl iy o3 Jode s 1) Brwe xul LS ¢ 92
05 Sy anglie haeas das o 0L zal g5 26l
o3 baesls il o Ve ol b 5855 Ol o b &S =
i gl sl old asie (bold) Ky oyt J sl
343 (Shemss Sl OT 3 oS (slossdomn (Sl I ioay (LS o
o S G138 608 L mel LS sl el sy ey s
LV 3 HV &gl o 5,k s o OLES La oy ool 22 LV
5 053 S bl g g se cul & laOT S13 (55,018 2
2513 el Sl LOI 1 g 5
A5 e lalls 5 gy yoble (o ite 5 Lo el e e
S Gl S0 s el (S ) ClB pond 53 s gl
2ROl Shialis ol () 2 b s 2 M Slles 500G

Codls sy XVCC 055 2T Slos U (1 pas 1l ol

\++ MPa )‘ UIMJ ef:;'-;} J)JJ B | g_,.ifp J{JLE.A -0 Jj.,l;-
2l s 08 S5 60018 b sl 2l S 6l el oS e
Table 5. The values of the loss coefficient in the storage module
are more than 100 pascal against the frequency change for

HV and LV grades.

Frequency (1/s) | Loss factor | Frequency (1/s) | Loss factor
(HV Grade) (HV Grade) (LV Grade) (LV Grade)
2.7 243 6.7 29.2
3.7 189 9.0 224
4.9 14.8 12.1 174
6.7 11.7 16.4 13.5
9.0 9.3 221 10.5
12.1 7.5 299 83
16.4 6.1 40.3 6.7
22.1 5.1 54.4 5.6
29.9 42 73.5 4.5
40.3 3.6 99.2 3.7
54.4 3.0 134.0 3.1
73.5 2.6 181.0 2.7
99.2 23 244.0 2.3
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Table 4. Comparison of some properties related to melt flow

of HV and LV grades.
Variable HV Grade | LV Grade
Tan 38.32 40.24
n® 0.9026 0.9477

(1) loss modulus/storage modulus;
(2) Fluid behavior coefficient in power law
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Table 6. Linear density and elongation at break of as spun and drawn yarns of HV grade at 2500 m/min winding speed and two

different temperatures.

Linear density (denier) Elongation (%)
sample . After 35 days after
After production | After 35 days ; ;
production production
As spun yarn, spinning temperature (240°C) 108.1 (2.5)" 108.3 (0.2) 129.2 (4.9) 132.6 (2.8)
As spun yarn, spinning temperature (230°C) 109.6 (1.4) 111.7 (1.9) 135.5(3.0) 141.0 (3.5)
Drawn yarn, spinning temperature (240°C) 65.1(0.9) 65.9 (1.1) 32.1(1.5) 18.1 (2.2)
Drawn yarn, spinning temperature (230°C) 65.9 (1.3) 67.5(2.4) 34.7 (2.6) 28.6 (3.8)

*The numbers are the coefficient of variation.
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Table 7. Tensile properties and shrinkage of as spun and drawn yarn of HV grade at 2500 m/min winding speed and two different

temperatures.
sample Birefringence Shrinkage | Elongation | Specific Tension | Elastic Modulus
(%) at break (%) (cN/den) (cN/den)

As spun yarn, spinning temperature (240°C) | 0.00028 (1.2)* | -29.1(-0.7) | 129.2(3.8) 1.1 (2.7) 4.6(2.9)

As spun yarn, spinning temperature ( 230°C) | 0.00047 (4.6) | -29.8(-2.7) | 135.5(2.2) 1.4 (2.8) 4.7 (1.1)
Drawn yarn, spinning temperature ( 240°C) 0.06459 (3.7) 20.9 (5.8) 32.1(4.6) 1.9 (1.6) 16.2 (3.1)
Drawn yarn, spinning temperature ( 230°C) | 0.07176 (1.9) 32.1(8.0) 34.7 (7.6) 22(4.9) 17.6 (1.6)

*The numbers are the coefficient of variation.
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Fig. 4. X-ray diffraction of as spun and drawn yarns of HV

grade.
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Fig. 5. DSC thermograms of drawn and as spun yarns at

different spinning temperatures.
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Fig. 6. SEM images of the longitudinal cross section of copolyester filaments at two different spinning temperatures and 2500

m/min speed and 2500 magnification as (a) spun 240°C, (b) as spun 230°C, (c) drawn 240°C, and (d) drawn 230°C.
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