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2 9: PET 58984 Sb,0; Fule] 588 Fol7] sl Sb,00 Zald ReS wisa
AM g Fol Mo} aldog Bgd 4 Q= UL V= Aol s} o] §)s}od I &
2] Sb03E ehylene glycol (EG)oll &aiA1AA Aol fole whEi, o] eiArgale 2,2-
bis(4-(2-hydroxyethoxy)phenyl)propane (BHPP), 1,3-propandiol (PD), neopentyl glycol
(NPG) T 83= zo]& 2= glycolFE EFF AadZo] LAL Alg3lo A Zojo) 58s
FeA7le AFE 71T 4+ YU 2SN 4wty Sb,0; glycole]l BHPP, PD, NPG&
Foi g AgZufel YA 2A triphenyl phosphate (TPP) & $<l3le] PETS FHstan, g9¢
Aol 4g 23N wol weirel 28" PETe E4ez(LV,, M., n)E ZAEIc
TPP 10 ppm & AM8-® 799X EG-BHPP (Sb,0; 4%)&uh 24)7te] 2ueo 4 LV. 7}
0.931dL/ge] LFP=E ¥ + don, YPgEer 718 waA Jdepdes ¢ £ At
ol AL EABA] Yol FUISIIE BA|Z 5o WE F7let B4 ()7} aage ¢ F
AR 283 LV.7} 0.65dL/g d=9] PETE 7] Sjalx e dadEga AHERE B9 1~24
o] W AIZHl A AL £ 9lon Rulew HA doje o 4 UL

ABSTRACT: The polycondensation reaction of PET was required that Sb,0; catalysts can act
effectively through physical transform, in order to obtain this effectiveness, Sb,0; powder is
transformed into liquid solution as dissolving in EG, and than liquid-phase catalysts are made
by this liquid solution as mixing with glycols having different solubility. The reaction of PET
polymerization efficiency is predicted by using liquid-phase catalysts. In this results, PET
were synthesized using catalysts 4 wt% Sb,0; glycol catalysts and triphenyl phosphate (TPP)
as thermal stabilizer in BHET oligomer, and reaction rate and properties of polymerized PET
were investigated under different amount of thermal stabilizer. The PET sample using ther-
mal stabilizer 10 ppm and EG-BHPP (Sb,0; 4%) liquid-phase catalyst had high degree of
polycondensation and inherent viscosity (LV.) of 0.931 dL/g and the propagation rate (p) was
fast polymerization. It was founded that degree of polycondensation increased rapidly in spite
of increased of thermal stabilizer. The PET having LV. of 0.65dL/g was obtained by using
liquid-phase catalyst, for 1-2 hours reaction time.

Keywords: PET, liquid-phase catalysts, solubility parameter, BHPP.
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Poly(ethylene terephthalate) (PET)<] &2 A
oAl dutye g AlgsolxE FujaAMes FAtsiet
B2 (Sb05)0] FF& olF Ut o]al Sb,0;
T HYEEEAN 55l 655 CY 252 g ¥
o} ¥hg7] Wiie] g ofd] A2z =z god,
EGol Agtdoz ga=o tFr] dex, v £
olEAEAN MEHE 9E& 7T Ut} 29dd 4}
£ % Zul= Sb035 ethylene glycol (EG)dl
2-3wt% A delA Fojz AMgsAY, <
B2 (Sb) 3tgEold Al=vlE (Ge), F4 (Sn),
vldlg (Mg), ofd (Zn), ElElE (TI) 5y F&5%
i 3gES A3l PET 3¢¢ dgsin Yoh!®

Son $& PET Z#el 2lol4 vle] g4 4
882 98 Sb,0; glycoldl BHPP, NPG, PD& #H
715t 797 (homogeneous)Ql HAMZU) & A}4-8l]
EtdAe] FUglel PETE A zs)a, #A=¥ PET
o] FESE e} Zofo] Fgd dig] AFsidt.?
ag]x PET MzFH 482 7xjes dxzA e
FHEE, A7, AL FF, B2FA S 2
T 53] F5YSol JAHUA g Hukg
do7lAl =y o] Bukg F Haubgd] &ah= ut
S BEs) (thermal degradation), 43} (oxida-
tion), 7}#8| (hydrolysis), A} (radiation) & 1}
E 7 Utk PETAAE Eesiz s dadaZa
T (DEG), cMlEgd3le, 712847 2 =84
7] Le7] Fo] FAhE9] guto] FHn). ojn) B
B YYE=E QR 2= Az, Sulel HoiA
FFU EF T FA oJEsy Aahas, Aega
! Ft25A1G Bl F B g9le® AgEm
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Zimmermang o & A3 AL st2rdr|s
wfE-&ol&Atolo) wisf wijAge FAHsEM 2
wil gdol e (cyclic transition state)&
3t} B-CH, backboneo] Zgto] HatslwA &
vdo| 28 2 Wgy)zte) whgo g EeldfFs}
doFtdy gk Goodinge dv& A 7}
HEo g FAH oM ELHI = wgo
d Zedfe £¥3} xWEE0] PET 34
| aH oz ZAfs] WMe doiin &y
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o} Buxbaum® §§3#o2 PETE AZY o
g 7td e Ft28A7 7 @A43A F7Ee )
2§ Bautgo) doldga sy’ Coleman 5
& DEG §2fo] F7}5tel| wet HAalo ol&] PET F
Ho stz rdr|e} WA Alole] Al gA B
fcka B osgo.’

PET9 #¥71¢ ¥ S=ds il o8 717
of g <t} s E3 JPHez ojgy
Ao} ojgd et tiF]EL FEI LA
Rol dlfgolr). EF Zof R kA9
3 ETe $xet Hrisle 4, &35,
g}t 237 22l 4 7] 98
BE kg FUdsH HLHAE=

— g

5O a2 Am IR ¥ f Jpe

rir o o2 wok
2
N

adEz B APdAE PETES 839 204
Sb,0; Z0& Kt} a8FHo 2 AlEsr] 9% by
©2 4wt% Sb0; glycold] BHPP, PD, NPGE
S A AFu e} AARAQA TPPo #ske o
2A 3 FEA Foddld 2L B} 58Ho
2 8% ¢ e o Bl dqEgl.

o4 H
A2 U A9 Bis(2-hydroxyethyl)terephthal-
ate (BHET) &glav (57223 (M,) : 993)

= o) o)l AZY (F)ZLEA) RS A
Algiel st EGE ALgdel] 70 T2l 9 7}
st} 88 AAT Aol AMgsTh. Yol A4

Sb,03 ¥ 50% Hael Y=zl 12.73 pm
(vol)1 AjekE AAIglel AHg-3iglth. BHPP&

Takemoto Oil & Fat. Co.9] AJe}e A}L3l¥a,
PD, NPG, TPP+ Aldrich Chem. Co.o] A]efe-
a2 AR-3i ).

£ 8. 3% BHET g2avg 34 BS:
F 260 CAAM L83l Zujo} AMPAE F9U3)
o AHY F 2E MM & 20torr A=Y
AF MmN FlE dAlel 488 AEdA
280 T xolM AFEI} 2torr o3l A mukst
© TRAE A&¥oz AMgIYY. muERE
35~40rpme 2 1A FFA M W AlgE
1,2, 3, 4A174e] Wg-A7koll A st AM-3ISET)
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HGZo & A4S PET 8 3% A7 (3)

HTEH. Inherent viscosity (1.V.) &3 60/40
phenol/1,1,2,2-tetrachloroethane (v/v)& 30 Cdj
Al Ubbelohde® =A@ HEAE AME-sld 23359
t}. a8lxz 4 Al&9] intrinsic viscosity ([7])= 1
N9l HXx (0.5%)°1A Solomon-Ciuta 4]-& A}2-3}
01 ?-6‘}9&1:}_“'15

[7/] = [2 (7]sp —In ,]m)]O.S/C

FI25A YT A, Al5E 105 CTolA 2412t
AzZ3 benzyl alcohol (0.2 g/5mL)E 7}3td]
215 CollM 287 B ¥ 135 C2 FYEA &
chloroform 10 mL& %3l FHA3Ac). a2z
phenol red (0.1% benzyl alcohol £98)x]Ajete
of 2~3%4-&2 Holxy & microburet (100 z4.) 2.
2 0.1 N NaOH benzyl alcohol £94-& Al8-3lo
A&t

COOH eg/10°g =

(net 4L of NaOH benzyl aloohol)(N of NaOH benzyl alcohol) x £)
Wt PET(g)

o714,

net ul. NaOH benzyl alcohol:the total titer
value for the sample titration minus the
blank titer value,

f:0.1 N NaOH benzy! alcoho! factor

HHME. 9HAFL differential scanning calo-
rimeter (DSC 2010, TA Instruments)& Ap-3}]
F&4% 10 C/minZ 0 CollM 300 CT7A| 44
Z ¥ 10C/ming 120 C7A Z-LAZa, o
curve2HE] fE|dol &% (T,), ZASILE (T,
4822 (T,)E #4389t a8z
metric analyzer (TGA 2050, TA Instruments)S
AH8l 245 20 C/mino2 30 ColA 700
C7A &33le] 3] 2avisig £4s”

NMR 24. NMR £4& BrukerA} ARX-300
nuclear magnetic resonance (NMR)  (301.13
MHz)& AM-819 3, $5=2438be chloroform (CDCly)

themogravi-

2o A23F A2z 19999 3¢

3} trifloroacetic acid (TFA, 10%)2] £4|&8 A3}
of 'Het "CE 27 ColM EAalgn.18e

SX2t 2%, ztzte] PET A|8= 150R viscome-
tere} external RIZ 7% GPC A% (Waters HT
3, 4, 5 column ; Viscotet Model 250 Conc. Det.) &
Atg-8t ). A8+ chloroform (CHCl;) # hexafl-
oroisopropanol (HFIP)9] &0 & A}gsled &3) 31
o, o] F4& m-cresol & AMR-3ld 100 ColAM =
st

Zdotd o

2k

AHyZofo Hok FEHNSS FPRUL Yo
81, FEEuje} TPPES 10, 30, 50 ppmo.g
22|¢ PET A&E A7l o2t sl 2%
234 &3k AR AV, M, #n)E Jonzx
I AFAR G FHE + A} Fig. 1~32 2§
WEA bl w2 PET A 89 LV.& vehd Aol

A2 PET A89 LV.= TPP geko] Zr}gt
"‘i 140].11_9. o} 3': olqu. PET Z?sla]»z_o";\a‘ z_}
Zujo} TPP 10 ppme 5UF A$olA Sb,0, &
L&ofo} EG (Sh,0; 4%)Fule 4z 3A17ke 2
shtgolA zzt 0.656 dL/g= 0.763 dL/go.zA

0.65dL/g ol4e] LV.& ehlixgl, EG-BHPP
(Sb,03 4%) HBzu)g L3 73—?— 2A]72e] whg-
AZA LV.7} 0.931dL/ge) & & vehym,

1 ojFe] vk A e A % 74]—“""2-5 F7HrE o
+ A}t 28la TPP 30 ppm#} 50 ppm & Ape-3
Sl 2AI17ke] wrgA 7 A 2t} 0.714, 0.642
dL/g9] LV.& Yehdg ¢ 4 k. EG-BHPP
(Sb,0; 4%) W4Zsje] TPP 50 ppmo] £ls]o]
EFHE 7 =g Y s ol ¢ £
AT olA & Zuf Yo Sb,0,9 BHPP glycol
o] FAprbee] Ao sl ZFA W) uhe
= AgFa)7} WA 245 Axe BHe =
THIAEE & 5 ATk 2 9Jo] A4EuE Sb,0,
TRENE AT A 9RO FHEs BA YIS
°a‘ T AU o)A AR E AL AS Zu)
o 588 FNE &
o2 NFULE ¢ F UL ¢ "v‘— At}

TPP #tgoll 2 ISR E. F53uhsd oA

o
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Figure 1. Plot of the LV. vs polycondensation reac-
tion time.; © PET 1(Sb,0; powder), o PET 2(EG
(Sb,0; 4%)). £ PET 3(EG-BHPP(Sb,0; 4%)).
" PET 4(EG-PD(Sb,03 4%)). -> PET 5(EG-NPG
(Sb,04 4%)). Thermal stabilizer (TPP) of 10 ppm.
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Figure 2. Plot of the LV. vs polycondensation reac-
tion time.; © PET 1(Sb,03 powder), a PET 2(EG
(Sb,03; 4%)), & PET 3(EG-BHPP(Sb,0; 4%)),
T PET 4(EG-PD(Sb,05.4%)), & PET 5(EG-NPG
(Sb,04 4%)). Thermal stabilizer (TPP) of 30 ppm.
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Figure 3. Plot of the L V. vs polycondensation reac-
tion time.; © PET 1(Sb,0; powder), o PET 2(EG
(Sb,04 4%))., & PET 3(EG-BHPP(Sb,0; 4%)),
" PET 4(EG-PD(Sb,0; 4%)), O PET 5(EG-NPG
(Sb,04 4%)). Thermal stabilizer (TPP) of 50 ppm.

Zoj o} FtgAlel Fgol o3 A YL e
duidoz PET @ oA WHeE=e 3
ol W ol wety st HEEREE BHE
o2x 3ol 7hesich. F3¥ PET Ag9 &+
(n)e EFFurg B ohet Eautgd A=
3 gro] vt A Foilrh
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ANz 2 Agg PET ¢ I8 947 (3)

1
n ‘1—_’_—5—7+d't (2)
p AR

A &
d:g8re&

Zt PET Alg9] £ ddld 271 F&eh3olA
o] AL E (p)of BN &% (d)o TPP &
ol M2 gt& Fig. 49 JepiATh

pollXE Sb0; #LZujs TPP ol ule} 32
~34 /mol-h9] g+& ez, EG-BHPP (Sb.O;
4%) AAZol= TPP 10 ppm& AMgdle] Z§3
PET A& 62.08 /mol-h2 Z7|¥kgolA] 73 wh
E 43NgEes Jelx TPP 5‘%“] 7EFE
M3 Aake-2w 7l 7hAaske & 4 it gl
EG-PD (Sb,0; 4%)¢} EG—NPG (Sb,0; 4%)
Aol Z9= TPPe| gego] Z7lsldm gt
S22 7} vEE] Jelde o ‘A’l‘i‘i—'—, Sb203 &+
Z&Zaje} EG (Sb,0; 4%) Fue ZA$%= TPPe
g w2t 254 5489 gg 7}%‘% a4 F
{d. 18jzg Sb0; BFUEnHu:e d4EuS
R8sl ZEE F 47t TPPY ko] Frlsidx=

z

AANEEET waA e S 2 5 ATk oA
S Az & A}L-3 F$ BHET &elane o~
H27|9 $gg w2 Aoz vhgxr)) w
& A4 Er el S & 5 A

dlXx= EG-BHPP (Sb,0; 4%) A4Zu)e}
TPP 10 ppm& A3t 799 PETE= 2.2x10°3
mol/h2 F&ute-&£57 “gA Jehdoz A3
go] 9ee & 2= 99,

FIEEA g2t 2. 71284 3o BAlo) ZAn
—2— Fig. 59 Yepligi®, (a)& 71284 33 @

BA(TPP)e] ol w2 TAE Yeplzn (b)

7t28A] g3 LV.ote] A8 Yehlith
7 zojz AHg-sld F§E B¢ TPP g3o] =
7t €& AAZHEAA 712847 F8H{COOH]
o] eft¥ F7ghe ¢ 4 Uk 53 EG-BHPP
(Sb03 4%) 443w}l TPP 10 ppme AHR& &
HEL 2AZe] WHGAIZMOIA 21 eq./105g0 2 7}
A Uebdg & F AN o]RL FHE] A
sio} n5gwe] ggko g Futgo] YALEI} ]

‘l‘lr r

&2|01 A23d A2% 19994 3¢
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Figure 4. Plot of p-d analysis from amount of ther-
mal stabilizer(TPP ppm). (a) propagation rate (p) and
(b) degradation rate(d); o PET 1(Sb,0; powder),
o PET 2(EG(Sb,0; 4%)), ~ PET 3(EG-BHPP (Sb,0,
4%)). v PET 4 (EG-PD(Sb,05 4%)), © PET 5(EG-
NPG(Sb,04 4%)).

A JerdE & 5 Adch

EX2 BX. Z47te] PET A8 £A15 ¥ gte
Table 1} Yehligith. PET Ag& U4 o
goz AXHoz 1000003 AEREo] 6~9%
2 Bo] dollSS ¢ 4 Ut EG-BHPP (Sb,0,
4%) q4Zviet TPP 10 ppm& A& FENA
T M7t 1156000.2 71 &4 v, AEAE
= 49% PR 7Y AA EAEE ¢ 5 A
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Figure 5. Content of carboxyl group from a amount of thermal stabilizer (TPP ppm). (a) carboxyl group content
and (b) inherent viscosity (I\".}; © PET 1(Sb,O; powder), = PET 2(EG(Sb,0; 4%)), & PET 3 (EG-BHPP(Sb,0;
4%)), vV PET 4 (EG-PD(Sb,0; 4%)), - * PET 5 (EG-NPG(Sb,0; 4%)).

Table 1. The Molecular Weight Distribution from Polycondensation Reaction of PET Using Liquid-Phase
Catalysts and Thermal Stabilizer

PET catalyst reaction ther-r.nal u?herer.lt polydispersity ,,,

No. system time (hrs) stabilizer viscostly M, M. M, (M, /M) *
(TPP ppm) (LV.dL/g)

1 Sb,03 powder 3 50 0.686 23400 43700 43300 82300 1.85 6.9
2 EG (Sb,0; 4%) 3 50 0.679 24700 44500 46500 90700 1.88 6.1
3 EG-BHPP (Sb,0; 4%) 2 50 0.642 19500 27900 32800 54800 1.68 9.8
4 EG-PD (Sb,0; 4%) 2 50 0.648 19800 28900 34000 69800 1.71 95
5 EG-NPG (Sb,0; 4%) 2 50 0.625 17000 23900 27100 42700 1.59 13.0
6 EG-BHPP (Sb,03 4%) 2 10 2.931 27300 51500 54200 115600 1.98 49

“ Below 10000 moreculer weight.

Z Azl E ALR3 AS TPP $edo] wreds 719 714X (group contribution)& 325}

AFPEE 4 F USE ¢ F YU 2gn Hoftyzers} Kreveleno] Wio 2 thgo] 4& A}¢

EG-NPG (Sb,0; 4%) d4&ul= 0.625dL/ge] alo] A Atat . ?
LV.9|A] polydispersity (M, /M,)7} 15924 713
2 BXE Jehhxg MR E47) 13% = _2R ,_ SR ,_ZE
= h=

2 7h¢ ol dob e ¢ £ AU 1= v v v

EG-BHPP (Sb,0; 4%) ¥4r&uje] polydispersity

£ TPP 50ppmejdE 1.680]%, 10 ppmolHs V:eqH

1982 Yo $£¥8 Yshixg n3¢ge] Yol &Af Fy: 30l9] 244

ST gz A DFUYEE Yrhie ¢ F YU Fi: 34719 9% 2ad44
BT m2ollef (8). $H= stebie: 2 74 Ey: #4719 o 844
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HFZo) & AL PET Zgo] #g A7 (3)

Table 2. Solubility Parameter of Different Glycols and Factors of PET Polymerization

ion timed 3

glycols  V* 8 s, N & catalyst system’ 'eacz‘:l‘;n‘)‘me (/m(f)’l_h) (Zl 21%)
EG 557 1723 1795 2679 3650  EG (Sby0, 4%) 165 3230 41
BHPP 3018 166 430 1234 2112 EG-BHHP (Sb,0, 4%) 110 4146 31
PD 722 170 1383 2352 3216  EG-PD(SbyO; 4%) 125 011 33
NPG 977 177 1023 2023 2876 EG-NPG (SbO; 4%) 145 3630 37

¢V (molar volume) (cm®/mol). ® & (solubility parameter) (J'/?/cm%?). ¢ Catalyst content of 400 ppm and thermal stability (TPP) con-
tent of 50 ppm. ¢ Reaction time to obtain PET is LV. of 0.65 dL/g.

A71H 8y, 8, B S A7 SAE Heviere) &

p X 6h
A R 299 R Y £42% 2 dehar.

8= J(3;2+8,+82)

PET9 & & 74719 7|95 n2jsha 22.69
J?/em¥?2 A As]ejAtt. BHET &2lavel AS
= 23.88J'%/cm¥?0 2 Yeh)z gtk

Table 2914 glycole] 5= BHPP<NPG<PD<
EGe] £o2 Yeldi, BHPP glycole] BHET &
glaei e} 71 7i7ke 8 #h& JUehia Ut aela
0.65dL/go] 1LV. g& d=dl+= EG-BHPP(Sb,0,
4%) Y3EFu & AMR-S PET7} 110202 713 wh
2A 43de ¢ 7 AUtk o]A& BHET gelx
ols} BHPPste] 8l%7} vselr] 2o o)z}
a7 g8)9e ¢ 4 Um, PD] %9 BHET
el glycolzte] whgo 2 mhas Jige & & o
Fed=

adar TPPel & e 22.09JY%/cm¥*zA
BHPP glycol#} H]:% g8 & gke 71Xz, TPP
o] o] TR E d2H 2] AFPLEE A 5}
22 FENHEEEI} A Jehrde o Aguke
459 Aol A Eelo] Hr}.

SEME.

DSC £4: PET A28 T,, T., Tadl £42 L
V.7} 0.65 ~0.75dL/gQ) A8E 7)&0z 2X3Y
. Fig. 6~82] DSC diagramo]A ddoz T,
s Tpol €48 PET A# vikshl vehde ¢
F AURB T = 76~797TC, T, 257~260 C
=z Jehde ¢ 4 9

#x% EG-BHPP ($b,0; 4%) A4Zu]E Alg-
@ PET A&+ TPP 10 ppmolA] 256 'C 24 <zt

&2of A23¥ A2z 19999 3¢

Heat Flow (W/g)

7 $b,04 Powder-TPP 10 pom-3 hrs R, /
-0. — — EG (5b,04 4%)-TPP 10ppm-3tvs R
......... EG-BH;P ~szzo3 4% )-TPP 10 ppm-2tws \

~+— EG-PD (Sb,0; 4% }-TPP 10ppm-2tws

-12 == EG-NPG (sﬁ,&, 43 }-TPP 10ppm-2 hrs O
eko 0 50 100 150 200 250
Temperature {T)

Figure 6. DSC thermal diagram of PET sample from
different liquid-phase catalyst and thermal stabilizer
10 ppm (TPP). (a) Sb,0O; powder of catalyst at
180 min, (b) EG (SbyO3 4%) of catalyst at 180 min.
(c) EG-BHPP (Sb,O; 4%) of catalyst at 120 min,
(d) EG-PD(Sb,03 4%) of catalyst at 120 min, and (e)
EG-NPG (Sb,0; 4%) of catalyst at 120 min.

Gl
< .
z 2
3
Q9
™
ot '~.\§//i
@ N
2 $b,04 Powder-TPP 30 ppm-3 hes Vi
0954 e EG (Sby04 4% )-TPP 30 ppm-3 hrs +
- — — EG-8HFP isn,o, 4% )-TPP 30 pom-2 hrs
—+—— EG-PD {Sb,0, 4% )-TPP 30 ppm-2 hrs
=" EG-NPG (Sb,04 4% )-TPP 30 ppm-2 hrs
-145
4o 0 50 100 150 200 250

lemperature (T}

Figure 7. DSC thermal diagram of PET sample from
different liquid-phase catalyst and thermal stabilizer
30ppm (TPP). (a) Sb)0; powder of catalyst at
180 min, (b) EG (SbyO; 4%) of catalyst at 180 mir,
(c) EG-BHPP (Sb;0; 4%) of catalyst at 120 min,
{(d) EG-PD (Sby0; 4%) of catalyst at 120 min, and (e)
EG-NPG (Sb,0; 4%) of catalyst at 120 min.

RA vebdeh gJ8s g g TPP 10 ppmoll A e
EG-PD (Sb,05 4%) 942w, TPP 30 ppmol A
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Heat Flow {W/g)

Sb,04 Powder-TPP 60 pOm-3 tvs N
- £G (S04 4% )-TPP 60 oPM-3 s X
L €G-BHPF (S0 4%1-TPP 60 POm-2 tws

— . == EG-PD (50,03 4%)-TPP 80ppm-2 tve

=T EG.NPG (55,0, 4% 1-TPP B0 0pm-2 hre

50 100 150 200

Temperature (C)
Figure 8. DSC thermal diagram of PET sample from
different liquid-phase catalyst and thermal stabilizer
50 ppm (TPP). (a) Sb,O; powder of catalyst at
180 min, (b) EG (Sb,0; 4%) of catalyst at 180 min,
(c) EG-BHPP(Sb,O; 4%) of catalyst at 120 min,
{d) EG-PD (Sb,0; 4%) of catalyst at 120 min. and (e)
EG-NPG (Sb,0; 4%) of catalyst at 120 min.
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Figure 9. TGA thermal diagram of PET sample at
different catalysts and thermal stabilizer (TPP)
10 ppm.
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Figure 10. TGA thermal diagram of PET sample at
different catalysts and thermal stabilizer (TPP)
50 ppm.
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HGZofE AL & PET 280 #d o7 (3)
Table 3. Chemical Shift and Integral of 'H, 13C-NMR at 27°C
proton carbon
PET reaction time ¢ (ppm) integral ¢ (ppm)
catalyst system - - - - - -
NO. (hrs.)  aromatic aliphatic aromatic aliphatic _ 00C— =CH~- —CH= - CH,~
=CH- -CH,~ =CH- -CH,— 2
1 Sb,0; powder 3 8.12 4.78 1.000 1.017 167.72 13364 13034 64.10
2 EG (Sby03 4%) 3 8.12 477 1.000 0.983 167.53 13359 130.26 64.00
3 EG-BHPP (Sb,0; 4%) 2 8.13 4.79 1.000 1.028 168.12 133.76 13050 64.33
4 EG-PD (Sb,03 4%) 2 8.13 4.80 1.000 1.033 168.33 13385 13061 64.46
5 EG-NPG (Sb;03 4%) 2 8.14 4.80 1.000 0.985 168.25 133.84 130.58 64.42
* Amount of thermal stabilizer (TPP) : 50 ppm.
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Figure 11. '"H-NMR spectra of PET sample as differ- pprm 200 L 150 o 100 7 0

ent liquid-phase catalysts ; EG-BHPP (Sb,0; 4%) cata-
lyst and TPP 50 ppm.
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Figure 12. '3C-NMR spectra of PET sample as dif-
ferent liquid-phase catalysts ; EG-BHPP (Sb,0; 4%)
catalyst and TPP 50 ppm.
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