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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
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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.
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Table 4. Comparison of some properties related to the melt

flow of HV and LV grades.
Variable HV Grade | LV Grade
Tan 6" 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 5. The values of the loss coefficient in the storage module

are more than 100 MPa against the frequency change for HV

and LV grades.
HV Grade LV Grade
Frequency (1/s) | Loss factor | Frequency (1/s) Loss factor
2.7 243 6.7 29.2
3.7 189 9.0 224
4.9 14.8 12.1 17.4
6.7 11.7 164 13.5
9.0 9.3 221 10.5
12.1 7.5 299 8.3
16.4 6.1 40.3 6.7
22.1 5.1 54.4 5.6
29.9 42 73.5 45
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 23

bfq Y 53— )3T D o lousds spalinbig o JUw sl ($I919ISS 9 pole (pole dlzo

3o dadke gomie (50018 o LV @ by s sls e 3
35018 Sl akasdlis o US e alad (6 a8 el 3 | 5|
Pl ol amlie sl e HY @ ol O iy &8
Wl s kel ¥ g 3l b S £ 50 05 S35

Ol Al i (JsS05e O35 ki 2 Sl & a5
5l e BLET (6 2aS sladelay 53 W1 5 6,3 Jsde s
p3lie b cpl .l LV 51 iy HV J oS50 855 ol ols
Sllle ety SRAsR L3 ebd o Sl DL la el
HV (ol Ol 0l Lastli Slie & &y cpis [VA] 505
sels & 3y dale 1S OLSS by e 53 LV 4 S
el it 58050 035 5 550018 Slmen a8 Clle 0L~
e b Slaaniy o Ol 5 SUI A5 anl b oS bl )
sdosliial jads ol 5 3 pd e gl B VTN s Gla s
e it Jdo manas 25ls 13 b (S0l 4l s
St by axbopl 5 dbw ol oS sty
Sy Sl Jde s Jlw by oo ol Gl el 0 K g3
i s Sl 555008 LV Sl ol sl el HY I 2 IV
S018 is Ol i 53 35 dal g and 555 sladle &
33yl S 13 a0l S SV Gl B S e i b
[YA] 0, Kaa 5 Beyreuther (sla iass Col 2aS Loyl 5 -l
o3 dgde ltie ST s o 0L deel o 5 zal L g5 L
ot S Gl s il Ve MPa 3l 2l (6 ek Sl 6l
21 6ol (S Sl ey o Vsl b3S O]
Sty CbB AL Ve B O O Ly oS lamb s
0 5l oS IOl g5 85 o2 53 5 Sl bt U Cins ey
AW oo plie O sl el Oy LU ey (SL
Voo Pa 3l iy 6,5 Jode j 1) Brae xul LS g5 52
2 peely dlie sl s e OLE Sl L 75 53 2 L
03 besls sl e g V0 sl b 585 O o S o
i gl sl old asiie (bold) Koy oy g0t Jsr
6L uf.,\:ww CdslB OT 534S (glos e SLllea (LS e
e S G136 50L 8 b mel LS sl el sy ey s
LV S HV &l s 55,4 edas o OLES W oy s ool iy LV
5 050 Sl Bl d g gbsn cpl oS cladl 15 65,018 s
351 et Sl LOT 51 s 5

A5 e Slalie 5 eyl sla it 5 L zalyl s e
S Gl S el Cenl S CB s 5 ey s g
2ROl Slalis ol () 2 b s 8 5 Slhes 500G



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

s Jlasl Sls s e s i il 055 28T sles o
L esls ed 055 ,S] Gles olie e et b
St b 5 o Ol Sy bl 5 & (SOL e
osba e Yeeem/min 5 Y glace w3l 1S YO+ m/min
Sl kil s YOy m/min Cs e b S, b (S
o ol 55 Soslite 059 5081 Gles g3 e s 4 LS
Slalin sl qal b 50 ples Ll b v Ol b s Jlesl
S s S (HV) i 15 (55,015 b 4 gad s o OLES
33 ol Sl OL o el ) 2 03 (om0l e
e s 518 a8 VAT 5 s el sdalie 5 mul LS 65
O3k 5 SH S S HY gl LS e 51 s >
5055 G Jess Skl s cd sbd b ol S Ol
sl Glamsp Sl b war s bl ) ol ils Jlesl
Rl Glagiass eon 5 o ol 00 s sbE S
oalS Eel Wl g e Oley SIS (s aseie [YAX ] O Kin s
ooz il 6 25 e 3 (s ek sla iy (SBL AL
5 A3 ey S Lls (S Sl ]« sl
A Al e s 5 LS 5 (S el
AU HV Sleddags s glag ST s 55 0bes
ool T (65, (A28 b g cnl Sl s G 4 3l e
Sty e OT Cudls S s S (lokiod 2S & 53 a2
ol B 5 Jsd LB Ll s LIS e o YO m/min
o Ol il G S (GloddodniS & ol bl sl
B SOk o oS SRS ALl s oy Yoo m/imin S,
bl 03505 4 Ol oo 1) ISl 55 Jds als 25 (5oL
Jos pie s liasllil oS oy Lol s S50 sla i
3t IS e Ol gl el S5m0 A28
SV g Aol 0ol 2S5 s glags (SUL U sk sbssl
(& okl e )y sskear) A58 51 ey 555 YO 5 U5
S Y les 55 53 YOOy m/min Ce e b o 5 Lgl.aé? sl
s o Ol Jgde CL" Ll odel # Jsd= s YYOC
55 e Sl i g0l o e IS i 5l a8 e
O555eS) Slos b a5 ol lakiges 53 Ay 51 e sy TO
Sl s eobsbime Jl 5l o S 55 i s 4 YFOC
Ol s A s Q0T Oliebl mha b Oles 1 gy skt
Sloddod S 5 s L god 53 M| a5 del Codas 4D
35 o el L (AL g Y OC 055 1St gl 3 oS

jw)yéub_}wé‘jlﬁ\¢w‘ obﬁ)bwv\?‘j;)‘w)})ra

YYOC o 3 ST Sles ilame dm 4 oy o SLES 01 S
S Ky Goay S 5 il SRS (65,018 B A esls Sl
Lyl s ol s .x.wv.«hd VY rpm (g5, 5 C3L JralS a5
P 5 Bl s RIBIL D S s e S
Jdoa Ll el sz ga gL Ll s B 0SS s e
Sl 5L Lliea 0018 el 5 055 aaSt sles O3 gL
S o oS St oy 5o SIS 5 oy sbay Slaeand; 5 ey
C)b'- U T ST RGN 1 (_;)lzcy SlesS > 5 55
0 JSaa pl s OAEWS Gl e Fy B SOl s Al e
eSS (glaa HLis b glasad 5 Al oy s s liS ST i
055781 bz 555018 hlpl ke Al ag Yo N/m?
Shsline Cudls Lo o b 5 Slag 5 S esls lalS
S s o 31 LAS WS Yeer m/min U Yerr m/min
AV IPM s 33 b YTOC Sles s oS Sl e codkid) g
s LS 4l glsa Hlid Cd 5 YO m/min W g o
S gl Sy Sl gl (3 A g YT N/m
e St g 2 ol (S s SB Ol 5 sdalie ol
OLEs o 4l 55 A0S (6 s oot Sl Glaand ) 55,
o el 5l & SoL s s (Sok 0k oS > (Glaxil)
ool ledadd s Gl g5la 55 5 sl 5 e 4L U laans
[0AV] ol bt iiS
O 5B G BB E (e e ol B ey 555 St
bz - 5l Shas g e Ll us e S&
Sltalio 35 H Ol )8 slags o Ol ole plnl
SlishsS ol S f&'-’* @S paria LV (Shyy e
(I 3y Shams oS (g5, OF 030503 S O
wd gl 5 ol ll s s a5 W5 OGl s eney
S Gl S s 258 (Sen TVOC ) eS Lo (1alS ey
Jaa 48 sls s Dl oS (65,018 4 Ul e s (S ks -
oddelnil S0 sesl o b g pdsn cnl il (oS J5S05e 055
ol adds JSUse 035 O3S A Al 52 a3l U3
ol Sy Olden 53 (5l 2S5l e (12555 0 e
Sy B LB s S e Slaalise e ool
HV 5ledldal 55 s 2 e 5 @5ad 93 G Sl s e 0L
s ol o el iy S 6a50L5 Gl &S
el go 0 2Oly Jaul 15 55 & sad (Sl s s (5510
oo s S al b mul LS p sl Bl B s O sy
daz) A g HV 51 s i e Ll slie Lyl 3

&Y 53—)3T D o losds spaliudig o JUw posly $I919ISS 9 pole «sole dlxo br'



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

wdsee glos 55 5 YO m/min Cils o ;3 HV g5 3l edded iS5 s lagE SoL G dsb sty e JEs - Jsa
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 as spun and drawn yarn of HV grade at 2500 m/min winding speed and two different

temperatures.
Sample Bireftingence 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. 5. DSC thermograms of drawn and as spun yarns at

different spinning temperatures.
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