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Abstract : The thermomechanical properties and morphologies of nanocomposite fibers of poly (ethylene
terephthalate) (PET) incorporating thermally stable organoclays are compared. Dodecyltriphenyl—
phosphonium—mica (C12PPh—Mica) and 1—hexadecane benzimidazole—mica (C;¢BIMD—Mica) were used
as reinforcing fillers in the fabrication of PET hybrid fibers. Dispersions of organoclays with PET were
studied by using the 2—situ polymerization method at various organoclay contents to produce nano—scale
composites. The thermo—mechanical properties and morphologies of the PET hybrid fibers were determined
using differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), wide angle X—ray diffraction
(XRD), electron microscopy (SEM and TEM), and a universal tensile machine (UTM). Transmission electron
microscopy (TEM) micrographs show that some of the clay layers are dispersed homogeneously within
the polymer matrix on the nano—scale, although some clay particles are agglomerated. We also found that
the addition of only a small amount of organoclay is enough to improve the thermal stabilities and mechanical
properties of the PET nanocomposite fibers. Even polymers with low organoclay content (<5 wt %) were
found to exhibit much higher thermo—mechanical values than pure PET fibers.
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Figure 1. XRD patterns for clay, organoclays, and PET hybrid
fibers with various organoclay contents.
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Figure 2. SEM micrographs of (a) 0 wt% (pure PET), (b) 1 wt%, (c) 2 wt%, and (d) 5 wt% C12PPh—Mica in PET hybrid fibers.

(@)
Figure 3. SEM micrographs of (a) 0 wt% (pure PET), (b) 1 wt%, and (c) 2 wt% CisBIMD—Mica in PET hybrid fibers.
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(a)
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(@)

Figure 4. TEM micrographs of 5 wt% C2PPh—Mica in PET hybrid fibers increasing the magnification levels from (a) to (c).

(a)

Figure 5. TEM micrographs of 2 wt% CisBIMD—Mica in PET hybrid fibers increasing the magnification levels from (a) to (c).

Table 1. Thermal Properties of PET Hybrid Fibers
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(@)

C 1 QPPh— Mica

Ci6BIMD—Mica

Organoclay

) T Tm T SR T T 7 Wi
Wi LV (0) (0) (0) @) LV, (0) (0) (0) %)

O(pure PET) 1.02 71 245 370 1 1.02 71 245 370 1
0.5 0.94 79 248 394 18
1.0 0.86 71 246 383 17 091 81 251 394 18
2.0 0.98 75 245 385 18 0.90 76 241 397 20
3.0 0.97 75 246 387 19
5.0 0.94 67 227 389 22

“Inherent viscosities were measured at 30 C by using 0.1 g/dL solutions in a phenol/1,1,2,2—tetrachloroethane (w/w=50/50) mixture. ’Initial

weight—loss onset temperature. “Weight percent of residue at 600 C
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Figure 6. TGA thermograms of Na*—Mica, C;2PPh—Mica, and
PET hybrid fibers with various C;2PPh—Mica contents.
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Figure 7. TGA thermograms of Na*—Mica, C1¢BIMD—Mica, and
PET hybrid fibers with various C;sBIMD—Mica contents.
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Figure 8. Effect of organoclay content on the ultimate tensile
strength of the PET hybrid fibers.
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Figure 9. Effect of organoclay content on the initial tensile
modulus of the PET hybrid fibers.
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Table 2. Tensile Properties of PET Hybrid Fibers
Oreanocla C12PPh—Mica C16BIMD—Mica
gwt % Y DR? Ult. Str. Ini. Mod. EB! Ult. Str. Ini. Mod. E.B.
(MPa) (GPa) (%) (MPa) (GPa) (%)
O(pure PET) 1 46 2.21 3 46 2.21 3
47 2.24 3 47 2.24 3
10 51 2.28 3 51 2.28 3
16 51 2.39 2 51 2.39 2
0.5 1 49 2.88 2
3 51 2.87 2
10 49 2.85 2
16 51 2.90 3
1.0 1 72 2.90 2 57 3.46 2
3 72 2.88 3 56 3.45 2
10 71 2.83 3 57 3.41 2
16 71 2.85 3 57 3.43 2
2.0 1 64 3.10 2 52 3.19 2
3 62 3.11 3 50 3.21 3
10 63 3.13 3 51 3.20 2
16 64 3.09 3 52 3.21 2
3.0 1 60 3.18 2
3 57 3.22 3
10 58 3.20 3
16 62 3.23 3
5.0 1 55 3.40 3
3 56 3.39 2
10 56 3.37 2
16 57 3.38 2

“ Draw ratio. *Elongation percent at break.

34 (tensile mechanical property)- Table 2] YeRJgl1, o}
<] Figures 8% 9¢l #7138} AE Fxol W& A Q1 et
Z7] QI A Eel tis 242t nlaste] Belth AAnZE 14 o,
Ci2PPh—Mica/PET HAE2] #H) I = Ci2PPh—Mica
21 wt% A7HE w Q0 F=7t 72 MPa® 25°% PET (46
MPa) Bt} &F 60% =2 3he BANL 5 wi%o] 23 wl g
¥z 55 MPa® #23igit) 5, HEs 7Rt wet Al 512
T F7FISloM, 11 oPdelME hasiGlch Hl 1 e
A9 o]#3t Fhats F2 A T ol 4713 AE el wet
ek AR dAke] B3 @R e 4= Qlck e o]9h=
Wiz, 271 QI SES 713 AE 3 71l wet 2216014
340 GPaz <3| 71tk o]9h 22 eES] T/ AE A}
A7} 7= 713 2 gke) 3 v (aspect ratio) & 7HE A E
o] st vk o st 4= 9lom, megh k] vk 5
ARzo] HE Alolel] el A9l Ao o] AlstEo® <l
gl oS o] ofH /A BE Tl Es E 4 A |
th. olejd A T ArAANE g Avjo|rk
C1sBIMD—Mica/PET H§HAe] ZA-¢ol= Ao Q1 st 27]
A BAE BF 1 wtwolX 22 57 MPa, 3.46 GPaZ ik
< 78k o] Bk ok Advgst uke} o] & F3 v R AR
9] wiERd I} AR o= Qs AEE F7IgomA QI AdHo]

Z0M, 43148 6=, 20074

FAEATE A % oldelME AR T ddow s wAl
AES} WAl WlE A 71 F53t Al AdatEo] H3Als

9] 1 S FaAFlE AoR HojRih w3k F
3t AES 22 (1 wt®) 02 ARSINS w), Ho) 1 Ae=
C1oPPh—Mica’} 72 MPa® C1¢BIMD—Mica (57 MPa) ¥t} ] &
23S 7o, WHlR 27 % 'MIES] Aol CigBIMD—
Mica”} 3.46 GPa®Z C;sPPh—Mica(2.90 GPa) Bt} t] & 3k
7Hgk o] A7E HE ¥ ofd A7SRMER X]§skel
ufe} QI AJAolA] At Aol retE AE & ST
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