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Abstract: Nanocomposites of three different polyesters with dodecyltriphenylphosphonium-montmorillonite (Ci.PPh-
MMT) as an organoclay are compared with their thermal properties, mechanical properties, and morphologies. Poly
(butylene terephthalate) (PBT), poly(ethylene terephthalate) (PET), and poly(trimethylene terephthaate) (PTT) were used
as matrix polymers in the fabrication of polyester nanocomposite fibers. The variations of their properties with organoclay
content in the polymer matrix and draw ratio (DR) are discussed. Transmission eectron microscopy (TEM) micrographs
show that some of the clay layers are dispersed homogeneoudly within the polymer matrix on the nano-scale, although
some clay particles are agglomerated. We aso found that the addition of only a small amount of organoclay is enough to
improve the thermal stabilities and mechanica properties of the polyester nanocomposite fibers. Even polymers with low
organoclay contents (< 5 wt%) were found to exhibit much higher strength and modulus values than pure polyester fibers.
In the cases of al polyester hybrid fibers, the values of the tensile mechanical properties were found to decrease linearly
with increasing DR. However, theinitia tensile modulus of the PTT hybrid fibers were found to be independent of DR.

Keywords: poly(ethylene terephthalate) hybrid fibers, organoclay, in-situ interlayer polymerization, thermo-mechanica

properties, morphol ogy.
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Scheme 1. Synthesis of C1.PPh-MMT organoclay.

Table 1. Polymerization Conditions and Spinning Conditions of
Polyester Nanocomposite Fibers

(1) Polymerization conditions of polyester nanocomposites

Polymer Temp., C/Time, hr / Pressure, Torr
PBT 190/1/760—230/2/760—260/2/1
PET 190/1/760—230/2/760—280/2/1
PTT 190/1/760—230/2/760— 265/2/1

(2) Spinning conditions of polyester nanocomposites

Polymer Temp., C/Retention time, hr/DR
PBT 250/3~4/1,12,18
PET 270/3~4/1,3,10, 16
PTT 250/3~4/1,3,7,9
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Figure 1. XRD patternsfor clay, organoclay, and polyester nanocomposite
fiberswith various organoclay contents.
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Figure 2. XRD patterns for polyester nanocomposite fibers with different
draw ratios.
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Figure 3. SEM photographs of (&) 0, (b) 1, and (c) 2 wt% of C.PPh-
MMT in PBT nanocomposite fibers.
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MMT in PET nanocomposite fibers.

Figure 5. SEM photographs of 3 wt% of C,PPh-MMT in PET na
nocomposite fibers with various draw ratios (a) 1, (b) 3 (c) 10, and (d) 16.
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Figure 6. TEM micrographs of 2 wt% of C.PPh-MMT in PBT hybrid
fiber increasing the magnification levelsfrom (a) to (b).
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Figure 7. TEM micrographs of 3 wt% of C,PPh-MMT in PET hybrid
fiber increasing the magnification levelsfrom (a) to (b).
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@ (b)

Figure 8. TEM micrographs of 4 wt% of C,PPh-MMT in PTT hybrid
fiber increasing the magnification levelsfrom () to (b).
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Table 2. Thermal Properties of Polyester Nanocomposite Fibers
Organoclay PBT PET PTT
(Wt%) DR IV* T, To To° W™ DRIV T, To wg® DR LV T To  wte™®
(dLigg (€) (€) (€) () (dlig) () () (%) (dLigg  (€) () (%)
0 1 0.85 27 222 371 1 1 1.02 245 370 1 1 0.84 228 362 1
1 1 0.95 36 2271 377 6 1 1.26 247 375 8
2 1 0.80 37 227 376 10 1 0.98 245 384 15 1 0.86 227 371 10
12 36 227 376 10
18 36 227 376 10
3 1 123 246 386 21 1 0.83 228 370 11
3 246 386 22
10 246 388 21
16 245 387 21
4 1 0.81 228 371 13
3 228 370 12
7 227 370 13
9 228 371 13

3Draw ratio. °Inherent viscosities were measured at 30 ‘C by using 0.1g/dL solutionsin aphenol/1,1,2,2-tetra- chloroethane (w/w = 50/50) mixture.

“Initial weight reduction onset temperature. “Weight percent of residueat 600 C.
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Table 3. Tensile Properties of PBT Nanocomposite Fibers

Organoclay D.R? Ult. str. Ini. mod. E.B’
(Wt%) (MPa) (GPa) (%)
0 1 41 1.37 3
(pure PBT) 12 43 1.69 3
18 46 1.71 3
1 1 55 2.96 3
12 52 2.57 3
18 43 2.33 2
2 1 58 3.33 2
12 35 2.45 2
18 28 2.21 2

@ Draw ratio. ° Elongation percent at break.
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Table 4. Tensile Properties of PET Nanocomposite Fibers

Organoclay(wt%) D.R2 Ult. Str.(MPa) Ini. Mod.(GPa) E. B.P(%)

0 1 46 221 3
(pure PET) 3 a7 2.24 3
10 51 2.28 3

16 51 2.39 2

1 1 58 2.88 3
3 56 2.80 3

10 50 2,63 3

16 48 2.47 3

2 1 68 331 3
3 55 2,63 3

10 54 251 3

16 51 2.29 3

3 1 71 410 3
3 68 3.40 3

10 62 3.12 2

16 5 3.08 3

3 Draw ratio. ® Elongation percent at break.

Table 5. Tensile Properties of PTT Nanocomposite Fibers

Organoclay(wt%) D.R? Ut Sir(MPa) Ini. Mod.(GPa) E. B."(%)
0 1 32 1.77 2
(pure PTT) 3 35 1.85 2
7 35 194 2
9 34 2.02 3
2 1 43 2.61 2
3 40 2.58 2
7 41 254 2
9 41 257 2
3 1 45 2.76 3
3 45 2.74 2
7 38 2.77 2
9 38 2.77 2
4 1 48 3.08 2
3 46 3.10 3
7 40 3.09 3
9 41 3.04 2
3 Draw ratio. ® Elongation percent at break.
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