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Q 9f: Sb,0; 22 glycol[ethylene glycol (EG), neopenthyl glycol (NPG), ethylene gly-
col-neopenthyl glycol (EG-NPG(5:1)), ethylene glycol-neopenthyl glycol (EG-NPG(1:
5)) 1ol £aA17] SbAl HArEZm)E bis(2-hydroxyethyl)terephthalate (BHET)d] %3]&led poly
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ABSTRACT: In order to investigate the influence of the physical state of the catalyst on
polymerization of poly(ethylene terephthalate) (PET), liquid-phase catalysts of SbyO3 solu-
tions such as SbyO3 dissolved in EG-based glycol [ethylene glycol (EG), neopenthyl glycol
(NPG), ethylene glycol-neopenthyl glycol (EG-NPG)] was utilized in polycondensation reac-
tion using bis(2-hydroxyethylterephthalate (BHET). Reaction using SbyO3 powder as cata-
lysts was also carried out for comparison with the liquid-phase catalyst, the rate of
polycondensation reaction markedly increased in the early state compared to that of Sb,O;
powder-catalyzed case. The liquid-phase catalyst accelarated more effectively both the con-
densation and the decomposition during polycondensation than Sb,0; powder catalyst. PET
with intrinsic viscosity of up to 0.65 dL/g could be obtained by the polycondensation using liq-
uid-phase catalyst in shorter time than by that using powder solid catalyst. The properties of
the resultant PET were measured. The DSC thermogram showed melting point of PET at
254 C, and cooling crystallization temperature, at 196 ‘C. PET prepared using catalysts with
NPG showed that NPG decreased T, by 3°C and 7. by 5 C.

Keywords: liguid- phase catalyst, PET polycondensation, degree of reaction, thermal analysis.
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Figure 1. Schematic diagram of polycondensation re-
actor.
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Table 1. Polycondensation Conditions for the

Preparation of PETs

sample  catalyst strring - condition » NPG content/
No system’ rpm - temp. vace. LV BHETcontent
' control () (torr)
PET 1 SbOspowder 70-75 280 10 0440 0/0
PET 2 EG(Sb,O%) 70-75 280 15 0633 0/0
EG-NPG(5L) ,
PET3 (Sh,0, 6%) 70-75 280 20 0639 008g/50¢g
NPG-EGSL) /
EET 4 (Sb;0; 6%) 70-75 280 15 0666 024g/50g

?Sb content : 200 ppm, ° Intrinsic viscosity at reaction time
120 min.
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Table 2. Values of Intrinsic Viscosities (I.V), Molecules Weights (M) and Number-Average Degrees of
Polymerization (X,) of PET Samples Using Sh;0; Powder or Liquid-Phase Catalysts as a Function of Reac-

tion Time

reaction time(min)

sample  catalyst

90 120 150

Mx100 X, v Mx100 X, (v Mx100 X,

N ' 30 60
NO, system v Mnx 103 Xn v M(,)‘ 103 Xn
PET1 S6:04 0220 3469 1807 0261 4604 2398 0.342
powder
PET 2 EG 0281 5189 2310 0379 8565 4461 0593
(Sby0; 1%) . 4 X . .37 . 3 .
EG-NPG(5:1) ~ -
PET 3 (Sb,0; 6%) 0279 5144 2582 0434 10784 56.17 0615
NPG-EG(5:1) - -
PET 4 (Sb,0; 6%) 0270 4862 25250451 11537 6009 0593

7194 3747 0440 11053 5757 0610 19524 10169

18605 8957 0633 20866 10493 0667 22938 10938

19857 10342 0639 21248 11067 0628 20573 107.15

18614 9695 0666 22874 12105 0.664 22789 11869

* Polymerization reaction condition, Temp.: 280 C, rpm: 70~75, Vac.

tent), Phosphoric acid(H,PO,) : 50 ppm.

26

: 1~2torr, BHET oligomer: 100 g, Catalyst: 200 ppm (Sb con-

Polymer(Korea) Vol. 22, No. 1, January 1998



HFEFo) & AT PET F 9o B8 AF (1)

Table 3. Values of Degrees of Reaction (P) and Numbers of Mole (n) of PET Samples Using Sb,0; Powder
or Liquid-Phase Catalysts as a Function of Reaction Time

sample catalyst

reaction time (min)

30 60

90 120 150

No. system

P(x10%) n(x10%) P(x 109 n(x10% P(x10%) n(x 105 P(x 10%) n(x 109 P(x10% n(x 10

PET 1 Sb,O;powder 9446 5535 9583  4.169
PET 2 EG(Sb,0;1%) 9567 4329 9776 2241

EG-NPG(5:1)

PET 3 (Sby0, 6%) 96.13 3872 9822 1780
NPG-EG(5:1)

PET 4 (Sh,0, 6%) 96.04 3960 9834 1664

9733 2669 9826 1.737 99.02  0.983
9888 1.116 99.05 0953 99.09 0914

99.03 0966 9910 0903 99.07 0.933

9897 1.031 9917 0826 9916 0.842

Table 4. Values of p-d
Polycondensation of PET Sample

Analysis for

toss  Min b d
Sample catalyst (x10°*
NO. system @tV x10%(/mol-h) /)
PET 1 Sb0; 135min 0.712  6.80 465
powder
PET 2 EG(Sb;0;1%) 90min 0864 14.00 7.02
EG-NPG(5:1) .
PET 3 (Sb,0, 6%) 80 min 0903 16.00 7.50
NPG-EG(5:1) .
PET 4 (Sb,0; 6%) 70min 0826 28.10 9.00
8
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2
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Figure 2. Plot of the intrinsic viscosities (L. V) vs reac-
tion time. O PET 1(Sb,04 powder), (1 PET 2(EG(Sb,
03 1%), & PET 3(EG-NPG(5:1) (Sb;0; 6%), ¥ PET 4
(NPG-EG(5:1) (Sb,0; 6%)).
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Figure 3. Plot of the degree of reaction(P) vs reac-
tion time. O PET 1(Sb,0; powder), -] PET 2(EG(Sb,
05 1%), & PET 3(EG-NPG(5:1) (Sb,0; 6%), ¥ PET 4
(NPG-EG(5:1) (Sb,0; 6%)).
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Figure 4. Plot of the number of mole(#) vs reaction
time. ¥ PET 1(Sb,0; powder), O PET 2(EG (Sb,04
1%)), L1 PET 3(EG-NPG(5:1) (Sb,0; 6%)). A PET 4
(NPG-EG (5:1) (Sby0, 6%)).
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Figure 5. A p-d analysis for polycondensation of
BHET using Sb,0; powder catalyst as a function of re-
action time
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Figure 6. A p-d analysis for polycondensation of
BHET using EG(Sh,0; 1%) catalyst as a function of
reaction time.
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Table 5. Solubility of Sb,0; in Glycols

Ivcol temp. time solubility condition
gy () (hrs) (%) (room temp.)
EG 180 05 1 liquid

EG 180 20 6 liquid(precipitation)
NPG 180 24 2 solid
NPG-EG(5:1) 180 30 6 solid
EG-NPG(5:1) 180 30 6 liquid
BHET 260 30 1 solid

Table 6. DSC Results of PET Samples from Dif-
ferent Liquid-Phase Catalysts and PET Chip

reaction heating temp.(1c) C00ling

al
sample catalyst = temp. ()

No. system (min) 7, T. T, T.
regular .
PET chip - 75 128 255 205

PET1 Sb;O;powder 120 76 135 254 196
PET 2 EG(ShO;1%) 120 77 124 252 191
EG-NPG(5:1)

PETS g0 6% 120 77 140 250 189
NPG-EGG1)
PET4 "o guy 120 79 131 251 194
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Table 7. Elemental Analyses of PET Samples
from Liquid-Phase Catalystis

sample catalyst system elemental content (%)
No. yst sy carbon hydrogen oxygen
calculated
- 4
PET 62.50 4.16 333

PET 1 Sb,0, powder 61 .48 421 34.31
PET 2 EG(Sb0;1%) 6166 417 3417
EG-NPG(5:1)

PET 3 (Shy0; 6%) 62.05 4.38 3357
NPG-EG(5:1)
PET 4 (Sby0, 6%) 61.78 4.34 33.88
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Table 8. 'H, '’C-NMR Chemical Shift and Intergral at 27 °C

sample catalyst proton carbon
p v S (ppm) intergral S (ppm)
No. system . - - - - :
alphatic alphatic aromatic alphatic alphatic aromatic b d
~CH,~' -CH;—% =CH,~ -CH,~' —CH,—? =CH,~ ¢
PET 1 Sb,Ospowder 4.71 - 8.10 9.96 - 10.04 167.65 133.53 130.20 63.98
PET 2 EG(Sb,0;3 1%) 4.77 - 8.11 0.30 - 0.30 167.72 133.22 130.24 64.76
EG-NPG(5:1
PET 3 ( . ’ 4.77 435 811 42.54 168 4342  167.85 133.45 130.20 64.04
(Sb,04 6%)
NPG-EG(5:1)
PET 4 (Sby0, 6%) 477 4.36 8.10 18.08 1.98 17.62  167.91 133.46 130.20 64.07
ﬁ) ? ﬁ % Polymerization reaction condition.
*O_C—@*C_O_CHE_C"hO_ - Temp.: 280 C, rpm:70~75, Vacc.:1~2torr, BHET oligomer: 100 g,
a a catalyst : 200 ppm(Sb content), phosphoric acid (H;P0,) : 50 ppm.

<
' —CH,~ in EG, ® ~CH,~ in NPG.
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Figure 13. 'H-NMR spectrum (solvent CDCl;+ TFA
(10%)) of PET sample; (a) PET 1(Sh,0; powder), (b)
PET 2 (EG(Sb,0; 1%)), (c) PET 3(EG-NPG(5:1) (Sb,05
60%)), (d) PET 4 (NPG-EG(5:1) (Sb,04 6%)).
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