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Q 9f: Poly(ethylene terephthalate) (PET)E gl doix Sbh,0; E4e 4wt.% glycol
[ethylene glycol (EG), neopentyl glycol (NPG), 1,3-propanediol (PD)]e] 28] A7) o} AFZo)
E AMg 3] ddAAY AL flo] 833, $¥e PETY 54U /3= (inherent viscos-
ity, LV.), B4 (), 9455, EXABEE (MWD)]E ZARKELL wedmd] glojdE Sb,0,
EiEo g JA4FAE ALE A9 wE BE52E el R, 53] EG-NPG (Sb,0; 4%)
500 ppm3} EG-PD (Sb,0; 4%) 400 ppme] Zujgfoz ZH3 AL7) & Tl Wl E v
£52 Jehde ¢ F AU ol R NPGe} PD2] Exjalzulel 4ol eHgstgde g Q& S3<%
=71 274 & 4 Ak EAEREE oM E Sb0; #uEuf no EG-NPG (Sb,0; 4%)
o} EG-PD (Sb,0; 4%) ZvhE A&t PETV} @2 EAZFEEA S (polydispersity, M,/M,)
2 Yeld e & 4 AUtk & HEREFC] ghEA|Tte] A wle} Fitell FdEd FREI F
e & 4 gioinh 28lm 98¥Wsls EG-NPG (Sb0; 4%) Zuje] A9 EG-PD (Sb,0,4
4%) Fo1 & A3 AL §H (T)ol A9 #2e 228 JehdE 4 + U

ABSTRACT: Poly(ethylene terephthalate) (PET) were synthesized by using a liquid-phase
catalyst of 4 wt% Sb,0; solution dissolved in ethylene glycol (EG) with neopentyl glycol
(NPG) or 1,3-propanediol (PD). The characteristics of reaction behavior during the
polycondensation [inherent viscosity (I.V.), number of mole (»), rate of reaction, molecular
weight distribution (MWD)] were studied. And then properties depending on the amount of
catalyst (500, 400, 300, 200, 100 ppm) were investigated without thermal stabilizer. In the
study of reaction kinetic, polycondensation reaction using liquid-phase catalysts exhibits
faster rate than that using Sb,0; powder catalyst. Especially, PET polycondensation using
EG-NPG (Sb,03 4%) 500 ppm and EG-PD (Sb,04 4%) 400 ppm catalysts showed the highest
degree of polycondensation and reaction kinetic. After all, increase of degree of
polycondensation (DP) was kept by stabilization as effect of NPG and PD. The MWD of using
EG-NPG (Sbh,0; 4%) and EG-PD (Sb,0; 4%) catalysts exhibited lower in polydispersity than
that using Sb,0; powder catalyst. It seems that solubility parameter has close reaction to the
polycondensation behavior of PET. At DSC thermogram, melting point (7,) of PET prepared
using EG-NPG (Sb;0; 4%) and EG-PD (Sb,0; 4%) catalysts were alike temperature.

Keywords: inherent viscosity, reaction kinetic, solubility parameter, MWD, DSC.
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Table 1. Polycondensation Reaction of PET Using Liquid-Phase Catalysts from Reaction Time

reaction time (min.)

90 120 150 180 210

M, IV. M, V. M, IV. M, IV. M,

n

amount
p:f T mtatlyst of catalyst 30 60
o wsemoom) LV. M, 1V, M,
1 Sb.0s 400 0414 8460 0.524 12160
powder
2 EG 400 0.334 6078 0.594 14751
(Sb;05 4%) ' ' ?
EG-NPG
3 (55,0, 4%) 500 0.315 5757 0.434 9609
EG-NPG
4 (Sb,0, 4%) 400 0338 6483 0368 7413
EG-NPG
5 (Sb,0, 4%) 300 0304 5462 0397 8321
EG-NPG
6 (Sb,0, 4%) 200 0306 5511 0.398 8376
EG-NPG
7 (Sb,0s 4%) 100 0280 4791 0312 5703 0.375

0.579 14181 0.608 15290 0.619 15718 0.666 17634 0.714 21153

16826 0.767 21866 0.648 16866 0.613 15484 0.609 15323

14999 0.634 17729 0.699 20763 0.804 26173 0.870 29811

15351 0.652 18561 0.703 20969 0.745 23050 0.870 29811

13800 0.651 18461 0.684 20079 0.738 22700 0.799 25885

13179 0.638 17928 0.666 19199 0.727 22143 0.776 24763

7616 0393 8212 0415 8987 0.442 9895 0.474 11062

* Reaction condition ; temp. : 280 'C, RPM: 35~ 45, BHET oligomer : 100 g, vac. : less than 2.0 torr, ** LV .(inherent viscosity dL./g).
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Table 2. Polycondensation Reaction of PET Using Liquid-Phase Catalysts from Reaction Time

PET alvst amount reaction time (min.)
N @ ‘Iys of catalyst 30 60 ) 120 150 180 210
o WM opm) IV. M, IV. M, IV. M, LV. M, ILV. M, LV. M, LV. M,
EG-PD
1 (Sb% w50 0431 0495 0519 12809 0702 20900 0776 24672 0.826 27399 0.906 31885 0.987 36789
2V3 o
EG-PD ) ) )
2 (b0, a) 100 0406 8652 0.499 12017 0664 19131 0.762 24957 0.862 29369 0.873 29958 0.950 34511
A o
EG-NPG
3 (Gpoyaw) 00 0388 8048 0539 13612 0622 17201 0.700 20831 0.821 27110 0.839 28053 0935 33606
EG-PD
4 200 0335 6514 0.389 8102 0.559 14428 0.701 20900 0.722 21921 0.764 24077 0.808 26388
(Sb,05 4%)
EG-PD \
5 (b 100 0334 G360 0366 7296 0.403 8541 0497 11957 0553 14176 0.586 14935 0617 16221
3 0

* Reaction condition ; temp. : 280 ‘C, RPM : 35~45, BHET oligomer : 100 g, vac. : less than 2.0 torr, ** 1.V .(inherent viscosity dL/g).
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Figure 1. Plot of the inherent viscosities (LV.) vs re-
action time of PET using catalysts; @ Sb,O; powder
catalyst, @ EG (Sb,03 4%) catalyst.
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Figure 2. Plot of the inherent viscosities (I V.) vs re-
action time of PET using EG-NPG (Sb;0; 4%) cata-
lysts ; @ catalyst 500 ppm, M catalyst 400 ppm, A cat-
alyst 300ppm, ¥ catalyst 200 ppm, € catalyst
100 ppm.
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Figure 3. Plot of the inherent viscosities (I.V.) vs reac-
tion time of PET using EG-PD (Sb,04 4%) catalysts ; @
catalyst 500 ppm, W catalyst 400 ppm, A catalyst
300 ppm, ¥ catalyst 200 ppm, 4 catalyst 100 ppm.
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Table 3. Number of Mole (n) of PET Using Liquid-Phase Catalysts with Reaction Time

PET catalyst amount of reaction time (min.)
No. system catalysts 30 . 60 . 90 - 120 - 150 . 18073 210 .
(ppm) n>10 nx10 nx10 nx10 nx10 nx10 nx10
1 Sb,03 powder 400 226 15.7 135 125 12.2 10.9 9.7
2 EG (Sby05 4%) 400 315 13.0 11.4 8.7 11.3 12.4 125
3 EG-NPG (Sb,03 4%) 500 33.3 199 12.8 10.8 9.2 7.3 6.4
4 EG-NPG (Sby04 4%) 400 29.6 259 12,5 10.3 9.1 8.3 6.4
5 EG-NPG (Sby0; 4%) 300 35.1 230 13.9 10.4 9.5 84 7.4
6 EG-NPG (Sb,0; 4%) 200 348 229 14.5 10.7 10.0 86 7.7
7  EG-NPG (SbyO; 4%) 100 40.0 33.6 25.2 233 21.3 18.4 17.3
Table 4. Number of Mole (n) of PET Using Liquid- Phase Catalysts with Reaction Time
PET catalyst amount of reaction time (min.)
No. system catalysts 30 - 60 . 90 . 120 . 150 . 180 . 210 -
(ppm) nx10 nx10 nx10 nx10 nx10 nx10 nx10
1 EG-PD (Sb,0; 4%) 500 20.2 14.9 9.1 7.7 7.0 6.0 52
2 EG-PD (Sb,0; 4%) 400 221 159 10.0 76 6.5 6.4 55
3 EG-PD (Sby03 4%) 300 238 141 11.1 92 7.0 6.8 5.7
4 EG-PD (Sb,0O3 4%) 200 294 236 133 9.1 8.7 79 7.2
5 EG-PD (Sb,0O3 4%) 100 30.1 26.3 224 16.0 135 12.8 11.8
Table 5. Propagation Rate(p and Degradation
Rate (d) of Polycondensation Reaction of PET
Using Liquid-Phase Catalysts 40 1
PET amountof pA a0’
No. catalyst system catalysts (ppm) (mol-h)  (mol/h) 2 304 -
| Sby0, powder 400 81 30 3
2 EG (Sb,0; 4%) 400 198 29 g
3 EGNPG(Sb,0,4%) 500 225 21 2 204
4 EG-NPG(Sb0;4%) 400 208 21 €
5 EG-NPG(Sb,0;4%) 300 204 24 = o
6 EG-NPG (Sb,0; 4%) 200 197 23
7 EG-NPG (Sb,0; 4%) 100 92 44
8  EG-PD(Sby0; 4%) 500 289 15 0 v T T r T T T
9 EG-PD(Sb,0, 4%) 400 280 16 0 30 60 90 120 ‘ 150 180 210
10 EG-PD(Sb;0; 4%) 300 2.1 17 Figure 4. Plot of n:jr:atf;l: ﬂotflmrerigi: ()n) and reaction
11 EG-PD(Sb,05 4%) 200 216 21 time from PET using catalysts ; @ Sb,O; powder cata-
12 EG-PD(Sb,04 4%) 100 135 32 lysts, @ EG (Sb,0;4 4%) catalyst.
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Figure 5. Plot of number of mole(n) and reaction
time from PET using EG-NPG(Sb,0; 4%) cata-
lysts ; @ catalyst 500 ppm, IR catalyst 400 ppm, A cata-
lyst 300 ppm, ¥ catalyst 200 ppm, @ catalyst 100 ppm.
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Figure 6. Plot of number of mole () and reaction
time from PET using EG-PD (Sb,0; 4%) catalysts ; @
catalyst 500 ppm, BB catalyst 400 ppm, A catalyst
300 ppm, ¥ catalyst 200 ppm, € catalyst 100 ppm.
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Figure 7. Plot of propagation rate (p) vs amount of
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(Shy0O3 4%) catalyst, B PET using EG-PD (Sb,04 4%)
catalyst.
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Figure 8. Plot of degradation rate (@) vs amounts of
catalysts as PET sample; @ PET using EG-NPG
(Sb,03 4%) catalyst, @ PET using EG-PD (Sb,03 4%)
catalyst.
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Table 6. The Molecular Weight Distribution (MWD) from Polycondensation Reaction of PET Using Liq-

uid-Phase Catalysts

PET  catalyst amount of  reaction time inherent viscosity M M ' M ”aydispersity
_No.  system catalysts (ppm)  (min.) (LV. dL/g) i ) " ' (M./M,)
Sb0s 400 150 0.619 18500 29300 32100 47300 1735
powder
2 EG 400 90 0.647 25000 37700 44900 68800 1.796
(SbgOg; 40/0) . “ ¥
EG-NPG
3 ) 500 120 0.634 13500 22600 24400 37500 1.807
(Sb«_,Og 400)
EG-NPG
4 (Sh,0s 4%) 400 120 0.652 24000 36300 38200 55300 1.633
EG-NPG
o
5 (Sb,0s 4%) 300 120 0.628 14600 22800 25300 37300 1.733
EG-PD
6 (Sb,0; 4%) 500 90 0.702 20700 31200 35000 50900 1.691
EG-PD =
7 (Sb,0, 4%) 400 90 0.664 18200 27400 31600 47200 1.736
EG-PD
o
8 (SbyOs 4%) 309 90 Q.G?ju 186(30»& 28000 32200 47200 1.731
*®2l0f A228 A3& 1998 59 356
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Table 7. Solubility Parameter of PET, BHET, BHET Oligomer and Different Glycol

Ve & difference in solubility parameter (J'/%/cm??)
B 8 P ,
(cm®/mol)  * P b (V¥em¥) PET BHET CHCL PD  NPG
oligomer
PET 137.14 18.88 7.19 1033 22.69 - -9.23 -1.19 -13.81 -9.47 -6.07
BHET 149.80 23.82 942 19.03 31.92 9.23 - 8.04 -4.58 -0.24 3.16
BHET 701.76 19.82 702 11.32 23.88 1.19 -8.04 - -12.62 -8.28 -4.88
oligomer
EG 55.70 1723 1795 2679 36.50 13.81 458 12.62 - 4.34 7.74
PD 72.26 17.02 1383 2352 32.16 9.47 0.24 8.28 -4.34 - 3.40
NPG 97.70 1770 1023 20.23 28.76 6.07 -3.16 4.88 -7.74 -3.40 -
4 - Molar volume (cm®/mol), ® &: Solubility parameter (J'/%/cm®?).
Table 8. The Effect of Catalysts on the PET Polymerization
amount of physical state » d polydispersity reaction time
catalyst system catalyst at room tem (mol-h) % 10"3(mol/h) (My/ M) (min.)*
(ppm) P inLV. dL/g '
lid 1.735
Sb,0, powder so
U3 po 400 (powder) 18.1 30 (0.619) 168
EG precipitated- 1.796
(Sby04 4%) 400 solution 198 29 (0.647) 93
EG-PD . 1.736
(Sb,Os 4%) 400 solution 28.0 1.6 (0.664) 87
EG-NPG partially precipi- 1.633
. 29. 2.1 11
(Sb,03 4%) 400 tated solution 98 (0.652) 8

9 Reaction time to obtain PET of 1 V.=0.65dL/g.

Table 9. DSC Thermal Properties of PET Polymerized by Different Form of Catalysts

PET amount of reaction time inherent viscosity  heating temp.(C)  cooling temp (C)
No. catalyst system catalyst(ppm) (min.) (dL/g) T, T, T, T,
1 Sb,03; powder 400 150 0.619 75 125 259 209
2 EG (Sby05 4%) 400 90 0.647 72 135 257 189
3  EG-NPG (Sb,03 4%) 500 120 0.634 80 122 259 213
4 EG-NPG (Sby,03 4%) 400 120 0.652 73 125 260 210
5 EG-NPG (Sby0; 4%) 300 120 0.628 74 128 260 207
6 EG-NPG (SbyO; 4%) 200 120 0.638 77 127 259 203
7 EG-NPG (Sb,0;3 4%) 100 210 0.474 75 128 260 206
Z3teE 8 Yehlla ghgA|zte] HolAxe nF Zt&of o otXst HEk Table 82 LV.7} 0.65
Fro] vgEe AL F & FHoz 4FHY dL/g& 71&Fo2 o AhigsyE, FveEsE,
2ol &w g WA &) gt 28l NPG ERGREAFE )2 e JeER AT AAveE
L BHET gglnsrcts 2 f8= selyes = EG-NPG (Sb,0; 4%) Ful= 29.8/mol - h,
ez AERES] ST} 1208 AFA w Sb,0; EW&Euj= 18.1/mol - h24 EG-NPG
27 vlgsld 1E2PEE € F U ¢ F A (Sb,05 4%) Hoj7} F3hb&Ert maEA vebd
it S & 5 AU o] AL EAFEEAFI WA
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Table 10. DSC Thermal Properties of PET Polymerized by Different Form of Catalysts

PET catalyst system amount of reaction time inherent viscosity  heating temp.(C)  cooling temp (C)
No. St sy catalyst(ppm) (min.) (dL/g) r, T. T, T,
1 EG-PD (Sby03 4%) 500 90 0.702 75 124 258 213
2 EG-PD (Sb,03 4%) 400 90 0.664 76 127 258 206
3 EG-PD (Sb,03 4%) 300 90 0.622 78 129 259 203
4 EG-PD (Sby0O3 4%) 200 120 0.701 72 127 260 198
5 EG-PD (Sby0; 4%) 100 210 0.617 72 135 260 212
1
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Figure 9. DSC diagram of PET using Sb,0; powder catalyst and EG (Sb,O3 4%) catalyst.
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Figure 10. DSC diagram of PET using different content of EG-NPG (Sb,03 4%) catalysts.
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Figure 11. DSC diagram of PET using different content of EG-NPG (Sb,03 4%) catalysts.
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