Polymer (Korea), Vol. 31, No. 6, pp 518-525, 2007

WS 7131 FEE 0[S Ex|(oEll EHIZER0IE) Li=52tH 87
B - AN
Fo gk TRAF

(20079 79 289 AH<p, 20079 102 174 A=)

Poly(ethylene terephthalate) Nanocomposite Fibers
with Thermally Stable Organoclays

Min-Hye Jung and Jin-Hae Chang'
Department of Polymer Science and Engineering,
Kumoh National Institute of Technology, Gumi 730—701, Korea
(Received July 28, 2007; Accepted October 17, 2007)

ZB 1 Ugy 718 FES Agsi 92 Z(ogR HRlzgees) PET) WeEEA e €4, 7144
AA 9 REZ2AE M n|wsiltk PET WieddtA) Adole muiEdd 22 zEm—vo)7HCPPh—Mica)
s} 1-Ajgzhl=o|n|t}E—nlo|7H(CyBIMD—Mica) £ 713t W7 AT I—situ THHE 0183519
PET®] theFst $59) 4718 er} vhe 27)2 ¥ S8Aas sdsisich PET vieB38A) Aol 84-71
AR BAL 24517) Y3 AR FAE L B47)(DS0) 9 4 5% 4971 (TGA), 5 7 X-4 34 #471(WAXD),
HAAERA(SEM# TEM) 183 vhs 9 A@7/UTM E olgsigitt. Axtdn|Eos whae V53 AR
Z HES AR 7|2 2 BAEgov sl o g BN JHE BYTE £ ATERE A% {73 A
E9] bt B A4l 4 FIAH 71AF Hag TTMIFIEE ZA Z1EieE dekaL 5wt o3t
2% f7)3 AEE o] 83 Bt 47 747 4L o538 PET AFEUE o & g RT3k

Abstract : The thermomechanical properties and morphologies of nanocomposite fibers of poly (ethylene
terephthalate) (PET) incorporating thermally stable organoclays are compared. Dodecyliriphenyl—
phosphonium~mica (C1;PPh~Mica) and 1-hexadecane benzimidazole—mica (C1eBIMD—Mica) were used
as reinforcing fillers in the fabrication of PET hybrid fibers. Dispersions of organoclays with PET were
studied by using the m—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 () 0 wt% (pure PET), (b) 1 wt%, (c) 2 wi%, and (d) 5 wt% Ci.PPh—Mica in PET hybrid fibers.
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Figure 3. SEM micrographs of (a) 0 wt% (pure PET), (b) 1 wt%, and (¢) 2 wt% C1sBIMD—Mica in PET hybrid fibers.

< o]%—a]-oi Sp== 53 =7t Zg] x]x%;ﬁ g X“Efﬂ By
< wrh A z%al:x% Ao o)algl = Qe Figure 49l C1oPPh— Mica7}
5 wt% H7FEE We] 7S Bk @A (o= &5 1
g Fjsie] ARG, AA Bole 1 nm A Ao] #3d
, AL A Aol FRE HE S Aol
W 37k UERE AoE {713 Aol gl #ojxl St A
g 201g ¢ Utk ARleX] HofAl= ZAE PET 184 Akee
C1oPPh—Micaol] ¥2)9x] ¥3lar A8 A=gem, dit 521 &
713 HE F52 50 nm oPde] FAYE & Uck o]AS &
A XRDAZA Belet f7)3} HES] F37 Ak doelrt
(Figure 1). 3R o2 CeBIMD—MicaZ} 2 wt%7} 718 23|
89 TEM A& Figure 501] Btk o3 AA] (@)olM (= 7
= TElEE Bsie] WEsE Zolw, o] TEM ARlex] dF &
A7 HEZo] WA=z K¢k PETVF FE Sl Blad Fdst

Polymer (Korea), Vol. 31, No. 6, 2007



522

(a)
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©

Figure 4. TEM micrographs of 5 wt% C;2PPh—Mica in PET hybrid fibers increasing the magnification levels from (a) to (c).

(a)

Table 1. Thermal Properties of PET Hybrid Fibers

(b)

Figure 5. TEM micrographs of 2 wt% C1BIMD—Mica in PET hybrid fibers increasing the magnification levels from (@) to (0.

(¢

C1 QPPh—Mica

C1 6BIMD —Mica

Org;rtl;clay v T T T e v T, T T 0
) §9) () (0 (%) o (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 0.91 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 T
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Figure 6. TGA thermograms of Na*—Mica, C12PPh—Mica, and
PET hybrid fibers with various C;oPPh—Mica contents.
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Figure 7. TGA thermograms of Na"—Mica, C,¢BIMD—Mica, and
PET hybrid fibers with various CigBIMD—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 C1sBIMD—Mica |
e e Ult. Str. Ini. Mod. EB’ Ult. Str. Tni. Mod. EB.
(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 57 341 2
16 71 2.85 3 57 3.43 2
20 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
30 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.

17 (tensile mechanical property)< Table 2] YR, o}
27 Figures 8% 9°l| 7713} A& Fxol W Aol A B9
Z7] 7 B8l dial] 22 vwsle 2ok Qb 1Y o,
CisPPh—Mica/PET ¥g159] Hel 14 #eE CPPh—Mica
21 wi% B718E W Q3 B 72 MPaz %% PET(46
MPayHt} ¢k 60% £ 3k BIARE 5 wi%o| =23 o 7%
7355 b5 MPaZ Z43Igich 5, AEE 71l wet 94 55
A= F71sIoM, 1 oPdelMe hasisick FHol g e
A8} o3t AE FE 9wk ol #4718 HE Holel uje
dhleh= HE QIxke] B3 dAo s e = gk e olehke
HHE, 27) A S 713 HE 3 Sl wet 2.21004
340 GPaZ #<58] 5713t ol¢h & 82 Sk AE &
A7} 7E Z1skat & gre] 23 o] (aspect ratio) & 7= AE
2] Ygst visk o= AgE 4= 9lom, gk iate) ajidE F
Alzo] FE Alolofl AR A9l AKES] 25700 AlgkEo® <l
3 B2 o] oA BE T SRS E 4 A 2
o} olgjd AL U ATAANE Bug Fao|rtE
C16BIMD~Mica/PET E3A2] A9-ole o I3 A} 27
A WE B 1 wt%ollA] 242t 57 MPa, 3.46 GPa® Huigk
< JH o] FEgF A Angst uig) o] F F3 H|E R AR
9 WiEFg o R s FEE HUIgeEN 1 AHo]
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TEA} fEYA 7k B35 AW o] BaAE
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3 AES 22 (1 wt%) 0= AMSIE o, Ad) I HEE
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PET B840 sg A5 F 7K A4 25l 4713 A%
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A ARRe] o2 &3 JPHTthe RS Z31E 4 St

B AFME {713 AR T Wl ohel 714 wxe
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