Polymer(Korea) Vol. 18, No. 5, pp 693-699(1994)

Poly(ethylene terephthalate)2] 5%l lojA Fulle] 43
F

oo &' -8 A F
LD LS e TR 5

Effect of Catalyst on the Polycondensation
of Poly(ethylene terephthalate)

Lee Soon Park ' and Jeong Hoon Yoon
Department of Polymer Science, College of Engineering Kyungpook National Uhiversity,
Taegu 702-701, Korea
( Recetved May 11, 1994)

2 oF:PETY %Z%(polycondensation) ©AY F3 £E& ZF7HAzIcky ¥e{Z] titanium
alkoxide ZujEe] AME IHPHOE FE AHEHL U Sb,0; Fvlg vwsgtt. & 5%
Ao Al FojH)E titanium alkoxide/Sb,0; =40/602.2 31 titanium(IV) alkoxide®] alko-
xide ligand& ethoxide, butoxide, 2~ethylhexoxide® B}379l& u) ligand®] carbong7} &4
£ hgAIZko] EAE] gEEU 2RISR FAlo dolut AgE A Aol e F lig-
and9] 77| we} g FRkgo] JgFE vhe steric effect A7) YEPGS E3dch mEpA
Y =09l titanium alkoxide th4loll detAAlz o] dgsE & = Q&= phosphate compound &
TiCl, 8} 4-gA17) 28 Ti-PAl Zvj(PETCA)E ¥43hsich. PETCA &oji= Sb,0, Sonch
2 AIZHE 9EA)Z o0, titanium alkoxide 20| S BE 02 ALSE uw Bo} FHEL] WAL

g FPAF

Abstract : In this study several titanium alkoxide catalysts were tested first in combination
with Sb,0; catalyst in the polycondensation stage of PET, poly(ethylene terephthalate).
With titanium alkoxide/Sb,0; =40/60 it was found that titanium alkoxide catalysts short-
ened the polycondensation reaction time considerably, as the carbon number of alkoxide lig-
and decreased from 2-ethylhexoxide, butoxide to ethoxide in the titanium alkoxide catalyst.
However, Side reactions which form the yellowish byproduct in PET also increased by the
same order. From these results it was noted that steric control occured at active site in Ti
(IV) catalyst in the polycondensation stage of PET synthesis. New Ti-P type catalyst
(PETCA) was synthesized from TiCl, and phosphate compounds which are known to be ef-
fective as thermal stabilizer in the polycondensation reaction of PET. The new PETCA cata-

lyst was found to be effective in shortening reaction time and improving color of PET.
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A & bottle® o2 g%7} $ME 1 3Utt. PET) A

Z FRA UM dES FHeR Y AT EE

Poly (ethylene terephthalate), PET+= @494 & 2 23 o7yl s APE T Yok FueA
o] hF & olF 1 Yo Zedl= tire cord, film, % PET 489 m& 9al7)% 7w oo

2o A18A A5z 19949 9Y . 693



124
o
A
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PETE= DMT(dimethyl terephthalate)
TPA (terephthalic acid)& EG(ethylene glycol)
I H9AA Az 5 Jdov dR/E PETE &
A thE-E TPAE 982 dal ot PETY Az
FAL TPAS EGE HE] bishydroxyethyl ter-
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Ago] AFEsElt)t. Oligomers= TPAS} EGE
uncatalyzed esterificationof] 23] AgAo|A |
Z5ked Algstyth. 28] titanium(IV) chlori-
de, ethoxide, butoxide, 2-ethyl hexoxide ¥ pho-
sphoric acid, trimethylphosphate(TMP), trieth-
ylphosphate( TEP) triphenylphosphate(TPP) &
& Aldrich @ Tokyo Kasei KogyoAle] Ajor3&
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Poly(ethylene terephthalate) 2]
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Fig. 1. Effect of temperature on the uncatalyzed

TPA/EG esterification stage reaction.
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Fig. 2. Effect of amount of Sh,0, catalyst(ppm) on
the TPA/EG esterification stage reaction at 240°C.
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Fig. 3. Effect of amount of catalyst(PETCA) on
the TPA/EG esterification stage reaction at 2407C.
O : Ti=3.98x10"*mol/200g BHET
@ Ti=2.74x10""mol/200g BHET
v : Ti=1.00 % 10"*mol/200g BHET
V¥ : Uncatalyzed

polycondensation ¥Fg-3.of PET 3= AL
FAS vepdol gaE Q).

Ti-PAl v esterification %Hg : Titanium
(IV)$} phosphorous® &3t MZLE =vf
(PETCA) £ esterification ©Ao] £9)ste] Zuj
Aol tisted ZARSHATE Fujel Yol tisire
BHET 200g tiu] Sb,0, 200ppm& & A%
Sb 2% Aol wisle) APA 2.74 x 10™mol
Sb ¥x7} ®l22 200g BHET 7|&22 Zuj9
greko] 3.98 x 10™mol, 2.74 x 10*mol, 1.00 x 107
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sphoric acid& 100ppm, ¥+ &% 280°7C, IF:E
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Table 1. Preliminary Study of Reaction Condition
of Polycondensation Stage

Sample rpm PET Property Reaction
No. Control IV COOH L/b Time(min)
PET 7 120—50 0.494 - 45.3/17 60
PET 27 120—40 0.566 23.6 50.5/1.7 88
PET 28 120—-30 0.573 24.2 50.9/35 93
PET8 110—50 0.492 14.1 47.2/2.7 60
PET 24 110—40 0520 27.8 60.1/5.1 80
PET 26 110-30 0.607 240 60.1/5.1 115
PETS 100—40 0502 186 50.1/2.4 65
PET 22 100—-30 0562 206 51.8/5.0 220
PET 23 100—20 0577 257 51.0/53 120
* Reaction Condition :
Temp.;280C, Vac.:2~-3mmHg, BHET ohgomer;200g,

Sb,0,;200ppm, Phosphoric acid(as thermal stabilizer);
100ppm
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Poly(ethylene terephthalate) 9] ZZ& 3ol QlojA] Zujo] o g

Table 1oxe} o] ofz) 27] 9 ZHF rpmoilA
Agsgct. 1 A9 27 2 HF rpmE 120 &
309] H9jol A S A71H F3E PETE 1
AE(V) 057, COOHZr 2045, light/blueness
(L/b)=51/35 Hx9] & deh T4 20|
= PETY 1V gk, 0.600] H28HS &ttt ulehy
oj} 2 Wk & VIFELR st 4F FuiE
o] F8 vkgel Uit ¥ TS AEsAH.
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WS At 4 Sb,0; Ful9}h vlu AN}
k. oA7ielA Foje] ol EAZE Hid
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AZ 71302 A8 2.74 x 10*mole Sb/200g
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19% 10 moleol] Atgsl:= oF 9r2o] Ti(OBu),
2 Sb,0; & 747t Ful2 Fsiich. oo wkg
AlZbl] iRk B3-S AR Qo)A EojE 24
(T, Sb)¢] moletE 2] BAE vluge]
o FA thu] & ppm @9 20} o] FBI YFA
Q1 BAE veRd 5 ok AYZE QT Table 2
oA BEo] F< AM}EA heterogeneous cata-
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O
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200g BHET 7)1&) &g d5o02 & ZH$9 v
wafed Hkrt
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Table 2. Effect of Ti1(OBu),/Sb,0; Mixture Catalyst on Polycondensation Reaction

PET Property Reaction

Sample No. Catalyst System I ooH \I;/b 77777 Time (min)
PET 28 Sbh,0,=100% 0.573 24.2 50.9/3.5 93
PET 30 Ti(OBu)./Sh,0,=20/80 0.572 26.1 54.4/4.0 92
PET 31 Ti(OBu)./Sh,0;=40/60 0.572 22.6 59.3/4.0 67
PET 32 Ti(OBu),/Sb,0;=60/40 0.596 25.7 68.4/4.0 55
PET 33 Ti(OBu),=100% 0.623 13.9 66.0/6.9 40

* Reaction Condition : Temp.;280°C, Vac.;2-3mmHg, BHET oligomer;200g, Phosphoric acid(as thermal stabilizer); 100ppm
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Table 3. Effect of Ligand of Titanium Alkoxide Catalyst on Polycondensation Reaction

PET Property Reaction

Sample No. Catalyst System T oo L b Time (min)
PET 28 Sb;0;=100% 0.573 24.2 50.9/3.5 93
PET 30 Ti(OBu)./Sb,0;=20/80 0.572 26.1 54.4/4.0 92
PET 31 Ti(OBu)./Sb,0,=40/60 0.572 22.6 59.3/4.0 67
PET 32 Ti1(OBu),/Sh,0;=60/40 0.596 25.7 68.4/4.0 55
PET 33 Ti(OBu),=100% 0.623 13.9 66.0/6.9 40

* Reaction Condition :
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Fig. 4. Effect of Ti(OBu),/Sh,0; mixture catalyst
on polycondensation : (O : Ti(OBu),=100%, @ :
Ti(0Bu),/Sb,0,=60/40, */ : Ti(OBu),/Sb.,0,=40/
60, ¥ : Ti(OBu),/Sh.0;==20/80, o : Sh,0,=100%.
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Fig. 5. Effect of ligand of titanium alkoxide cata-
lyst on polycondensation : O : Ti(OEt),/Sb.0;=40
/60, @ : Ti(OBu),/Sh,0,=40/60, %/ : Ti(OEH),/Sh
20,=40/60, ¥ . Sh,0,=100%.

Table 42 FE| Ti9} P €949 moleB| & 1: 12
FE 31712 HElAZ - P oEgro] Hojd4s

£ Ti sited] steric hindrance7} Zrolzx| o2 =3t

698

Temp.;280°C, Vac.;2-3mmHg, BHET oligomer; 200g, Phosphoric acid(as thermal stabilizer) ; 100ppm

Table 4. Summary of PETCA Catalyst on Polycon-
densation Reaction

PETCA(I) PETCAID)
EtOH BuOH EtOH BuOH

Catalyst Type

éolubilizing Solvent

Ti:P=3:1 Cat28-4 Cat29-1 Cat3l-1 Cat32-1
Reaction Time 33min  28min  42min  58min
Ti:P=2:1 Cat28-5 Cat29-2 Cat31-2 Cat32-2
Reaction Time 48min  39min 67min  57min
Ti:P=1:1  Cat28-6 Cat29-3 Cat31-3 Cat32-3
Reaction Time 60min  50min  70min  87min

AlZte] &P L 2 F Atk £ PETCA(D
(II) seriesollA4] Ti 2 phosphate compound& 2
A7l B Fe siteE ethanold} butanol &ofl o
2 Melstg S w7+ seriesol] wl ¥k Al7to
BEE A5 AUt
gozyx Ti-PA A2 Fusy shud
Cat28-48 A¥ls}lo] active Ti®] 5 & HIIAF|
WAl F3 g AIZHE SbyOp Fule} viweted
Table 5 ¥ Fig. 694 B= 23 @o] Cat 28-4
=l 22 T gEdME & A/fFEIV)E
Fo AL/ E FEEH FF ks AHE
DEAIS o 7 Ao

A8 PETS characterization. Sb,0; %
Titanium(IV) alkoxide iﬂﬂ a8l EF S
Abgsle] MR PETER 0.55, 0.629 /3%
(IV), 15-30 99 COOH 2ok 2 50+1049)

-3

bl

9] Lightness® Zt& YERAQIOY 59 4ol ut
o} b(blueness) 2 H2 2XE HyoH Sb203

g AFRF AU €A R tin compound
2 AL S w 9353 b(blueness) o] Yol

=
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Poly(ethylene terephthalate)2] ZZ3to] glojA] Zujo] o &k

Table 5. Effect of PETCA Catalyst(Cat28-4) on Polycondensation Reaction

PET Propert\ Reaction

Sample No. Catalyst System v ~ CO0H — 7L/7b " Time (min)
PET 59 Ti=3.98 X 10~ *mole 0.608 11.6 63.3/7.8 35
PET 61 Ti=2.74 X 10" *mole 0.628 14.6 55.1/9.4 45
PET 62 Ti=1.00 % 10" *mole 0.622 14.4 53.0/6.5 47
PET 28 Sb,0;=100% 0.573 24.2 50.9/2.0 93

* Reaction Condition :

120 ¢
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o 10 20 30 40 50 &0 70 80 90
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Fig. 6. Effect of amount of catalyst(PETCA) on
the TPA/EG esterification stage reaction at 240C.
O : Ti=3.98x107*mol/200g BHET, @ : Ti=2.74
x107*mol/200g BHET, v : Ti=1.00%10"*mol/
200g BHET, ¥ : Sb,0;=100%.
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PET 188 S $Isled 7129 titanium
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= o3 2.

1. 71&9] titanium(IV) ethoxide, butoxide, 2-
ethyl hexoxideZ Sb,0,9 &qste] ALgE o
HEFE REEAIZES G55
auet. = 017101]"1
transesterification mechanismefl 23+ 3 o

O
o] FY=nj Tisited) steric hindranceol] 05‘2'70 L
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2. A dgs ¥
compound& TiCl, &} HFSA|A A& A28 Ti-P
.

Temp.;280C, Vac.;2-3mmHg, BHET oligomer ; 200g

T+ %+ phosphate

A £ (PETCA) = §49] 7Y Sb,0, Eujx
T} polycondensation T WHe- A7+ 1 1/3
TEoE TESIHoH AdE PETel Mo«

o3 gfo] HATh,

A8 2 o] e B)H EAA PR
gl Aol ofsl BRI EA T LA
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