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2 9 84 APFFETEQ poly(ethylene succinate-co-ethylene terephthalate) (PES/
PET)E 4siglon), 'H-NMR 237]8 ol 88l A ZA9lo) BH sequence BEE ZAH}
aot. o % FFHEL §FA3 AS5S 93 Ay, PET 35859 3%ol= PBS/PBTY
e RMRE BBl o 3ol A TEHOE o]Fo] At K1 Floryd §3733t
o]2el 483AEL W HA FFH Y 2 YA FUrh X-4 ARG 2N A,
PETe] Aol 5% FEoAe <5 PES7F PETZAHNE st ARSI A=A,
PES9]. 24o] 583 F2oAt= B(degree of randomness)gt& Z33 23 E27%o] 33t

o] PET 2] PES ARHZ9 dge] ofgotn Bt

ABSTRACT: The binary random copolyesters of poly(ethylene succinate-co-ethylene tereph-
thalate; (PES/PET) were synthesized and their sequence distributions were investigated
over th entire range for copolyester compositions by 'H-NMR spectroscopy. In the case of
PES/P]'T copolymers, the theoretical melting points predicted by Flory’s melting depression
equatior . based on the assumption that the crystal is formed only in one part of PES or PET
in the c ise of PBS/PBT system were not fitted to the experimental melting points. From the
result ¢’ X-ray diffractogram, PES/PET could be cocrystallized by the incorpation of PES
into PET crystallite at the PET-rich composition, but it was thought that the incoporation of
PET ir.o PES at the PES-rich composition was difficult because of the blockiness of
copolye ters at that composition, which was determined by the degree of randomness.

Keywor:'s: poly( ethylene succinate-co-ethylene terephihalate), sequence distribution, degree of
randomness.
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Yamadera®} o'y poly(ethylene terephthal-
ate) (PET)/poly (ethylene sebacate) B2 T7
o4 NMR2AMY & o] &3l Eg|o}= (triad) £&
& ABIA o2 PRE BAZ bl glen, 3l
Korshak$ 22 se juence £¥7} 22 &= 2] vt
717 @ ol wel ZFEGg e R st
AAZ Matlengli wicz583 FH2EE HIAAH
Al E3A] o] 8% FUEFA B Aol o))
et e A 72U 9Y e 83 IF
FEE TS Hgths A& Fld vl Qlo.
ojohgho] kR E7te] WHgA x| 2 sl A
H sequence ¥3¥ = AYHAFTAAE A FFE v
A Fe FR9 AHE gEA Joh iAoz o
BEA(A/B) F 58BN BHIATE thad
2ol AZkA] HHE JE & v FHA okt
A= 24S BHE + Ue 474y 247} Az

e 848 A Y, EPHer 3RS 4T 5
Qe 7Hzle] 247 A7 e QA viAEY,

BHog AFE FAHshe Ao, thEe TZFolA
3 Z Jo] YHHI thEZ A o=H
FAAL 2Pk Aol mxToz WY
Aol A A GulE7h % AFA GEF 2
FoR A&KAH o5 ylety FHATSH= A9t <)
of &3ict.

olgigt 4EF FEAAATLS EolavHEA F
FEEolAE de Ur] AP AR FejolusA TF
T e 27 37 44 dojdttn BunEeiA
o071 2 o] fiof) thal Edgaret Hille! Fele
~HZ/Zo 28 |2 FFHEY Aol p-idd
9] Aol Eat FolAM 71&olx= Aol U] A
Aol WeizH-& do7]7] W] FAAS]
@y, Feldxdz/Feo|oA FEHEE A
Qol ofp|rrle 3 ZFaAF FAARR ) oty
p-Ed e Fi] Bzl Aol Bo] FARA
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A gElA e, o A% o2 ZAAo| e u) se-
quence )7} dojok A 2L JAHE + Ut
I B3 9lth o] & Lenz!”= poly(ethylene tere-
phthalate-co-succinate) FE3 22| Lol A tere-
phthalate®] ZAJo] FH3 ztzte] FFUEEL &€
A Al 58 2 AT} S8kt o] R tere-
phthalate unitel] 23t blockness®] Z7} (£ tere-
phthalate unit®] sequence Zo]o} Z7})d] 23 A
olgty HIgt vt ]l o]e}t ge] e dApdx
73l PES/PETS FFHE Aol AoiA
sequence =28 ZAYHAFTE BHEAZ A7t A
S7HA EEA] skt

wEbA] B delae old
sequence TX¢ AANAFTE
EAE A Byt

FERe g
BAA| FEHE

o4 ¥

Al 2f. o] 8% AJeFe  dimethyl terephthalate
(DMT ; 4434 $-3}8}), ethylene glycol (EG), 28]
7 succinic acid (SA ; Shinyo) & AM-stRt}. w3k
U8 Zuj| 2 &= zinc acetate (Zn), titanium isoprop-
oxide (TIP), antimony trioxide (Sb)= AldrichA}
AFoz AFAglel AH3IAT.

PES/PET Z=&22| #HM. Bis(2-hydroxyethyl

terephthalate) (BHET)& 23435 &3]3t & SA%}
EGe] EnIE 1:128 3o JFUsAUcES o)
BHET9} SA9 x4& dEsld tgdt 249
PES/PET co-oligomerE 4& 4 AAh. ol At
2% Zuj= TIP (1.0x103mol/SA 1lmol)ol% 1,
o|F BT E 230CHA YA F2AIFIHA
SHES HEAIRT. fFEEC] O ol YeX g1
Y 459 2x7) 60Ce)slE RS W v
FSARAS.
Ao}l PES/PET co-oligmer (150 g)ol] Sb&oj
400 ppmS FY3tz 1ZF (<0.5torr)st 250°C
ol A} 3~4AIZt BFEAIZ] & FYAIA PES/PETF
FUES YU

2 A, 300MHz9] 'H-NMR (Briker AMX
300)& AH&3sled PESE CDCl;, PETS} PES/PET
Z=3tEe &3Hau) (trifluoroacetic acid-d/CDCl3
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Poly(: thylene succinate-co-ethylene terephthalate) 28 &9 vAl7x29 AAHIAS

-d, (7/3=V/V)ie] &3AH FHE] 24 & se- 350 (Schott Gerate®) 0.2 THHEES 45N}
quence 418 ¥},

T3 DMTER ) o2 332 §3338 4 dnt Y nE
&t Alx}EAlgEEA] DSC, DuPont 2100)& A}

245 10 C/ine 2 X3k X-4 3)HR PES/PET2ZE22| =MEA. PES/PET 2332
7‘] (Rigaku-Denl )& AMgsle] FF&E A Yol 2%E terephthalate unit®} succinate unit2)
oE 2P g 3e B on, X-HPdes ZA8e B FFAQ PES, PET 2 PES/PET &
+ Ni-filtered, 45 KV, 40 mA, Cu-Ke radiationg 2320 'H-NMR ~A#HEH (Fig. 1)< o] &3l 7
ol a4t it o] ATE R AEA7Y FYA Folz

T Ao FHE 025g& FHIH & (b; 4413 ppm, c;4.833ppm), terephthalateuy]

o-chlorophenol 25 mLel ¥ i1 6X]7F B2 90°CoA A Tale] o2t Ho)=(d ;) 8.156 ppm), 21
= F, P04 25+0.05CTE  /RISHHA succinated] wE# 7)ol G Hoj= (a; 2.
Ubbelohde visco neter (Schott Gerate®, capillary 87 ppm)E IFIT. oju] FEFEUo] DMT)

1d. : 0.78 mm)E °] -8—6}0:] Z}%‘@Eﬂlc\’l AVS- @]—%to] 2748 +E succinate ::_]o]_g_ (a)g] taz-]%

Hd
0 0
_%E(!I;CH2CHQgOCH2CHZO @‘&OCHKZ HzOH‘
Ll
a Hd

[=9°

T™S

PES

A
N~
-

,J w, L ET4

ETS

_'——"JL_ PET

w4
o o
—
<

PPM 9 8 7 6 5 4

Fig. 1. 'H-NMR spectra of PES/PET copolymers.
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Table 1. Feed Cor iposition and 'H-NMR Composition of PES/PET Copolymers

Polymer _Feed Composition __Actual Composition by 'H-NMR
Succinate Terephthalate Succinate(mol%) Terephthalate(mol % )
PES 100 0 100 0
ET1 90 10 89.9 10.1
ET2 60 40 61.3 38.7
ET3 40 60 40.4 59.6
ET4 20 80 20.1 79.9
ET5 10 90 10.4 89.6
PET 0 100 0 100
#Zastn #HEd Holz (d)9 dHLE F7eiH.

!

fooae

].
ol FFTYEY FIA Hol=z ast do] HHE 4
(W () uslety ZHUIE A off
Table 1o Yepd oH, Aaela B3} B4€
AAZALS 2 4 I8e ¢ 7 AdH

PES(mol%)= —=

Id+IaX100 (1)
PES(mol%)= —2—x100 2)
L+
3714,

L, : succinate unite] YAIA} Fjo] 32 WA

I, . terephthale te unite] ¥4z} Jlo] =9] HA

PES/PET ZE8g2| ojM7=. Fig. 2= ET39
'H-NMR 2"Ei] d72A, odar|e) ks
Zt7] glolzzh vl K2 2EEE B3I Ut o
g O E FA 2R FBo FU IFA A%
He g AE e FUFAE sk Pl
ug} gelas =AU, Fig. 2014 BE vt 2
o] @) g F Jog S-E-S, S-E-T (%= T-E-
S), T-E-T9] Al: 11 F7/9 Egol= widge] 7%
gltk. =, =l succinate (S) unit7} A3 3¢
(1), &0 succinate (¥ terephthalate)”’} ©}
£ 3Zoj= tereohthalate (EE succinate)?} 2
33 AL (3 2 3) 28] 9ZFo] terephthalate
(T) unit7} 21 AL (2)9 Feolart vebsts
o), oju 33} 32 FAxE= Moz FUA @
ge ¢+ a

wEbA] 33 3'¢] dolze EFdA AR 4E
Uehlls AxzA, dEdAEs 4z delart
A= t2A ek Fe] Yojgs B F1 o,
o]5 Fojz AT &= A2 FYSA vEn
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Fig. 2. The scheme of triads of PES/PET (ET3) co-
polymers.
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Fig. 3. 'H-NMR : pectra variation of PES/PET copoly-
mers.

Q87 paskE T-ET (2) Hoj2e) BEE %
gelA F/et: Aoz Jeikdg. =% £39
Aoz ot Ar|E FAH2E S-E-T (3%
T-E-S (3)¢8] 7 o|3 757 E¢3ittn B E
gole28e ispr=Fres® 4YEd F Ao
uleiA] AEW7|E FALE e Eol= 8
(Fses, Fser, Frer)®™ S T unit®] 88 (F,
Fr)#t& 738to] Table 20 YeERd
AdHog iy, PES/PETEZFHES W24
o X Eolt 2% (K% T 228 (X))
gro] 2 dxst: Aoz B uf Egdoi=rigy 7§§¥
AL AEFANE £ Yok, =3 Parkyd Ime
PES/PBTZ%3 22| d70N FFEESLY AL
z4g o2 Fo|3 o] ZEiX|& AHE B °lE

FEa|of M20d d13% 19969 14

FE nATzd 2FHAF

Table 2. Fraction of Triads and Molar Fraction of
PES/PET Copolymers

Fraction of triads [Molar fraction
centered on glycol | of ester unit
Fsgs | Fser | Frer| Fs Fr

PES 0 1 0. 0. 1 0

ET1 10.1 0.796 10.190(0.014 | 0.891} 0.109
ET2 38.7 0.37610.46610.158 | 0.609| 0.391
ET3 59.6 0.16410.480|0.356 | 0.404| 0.596
ET4 79.9 0.04210.337|0.621| 0.210] 0.790
ETS 89.6 0.012(0.21010.778| 0.117; 0.883
PET 100 0 4] 1 0 1

Poly- |DMT unit
mer mol%

S sjdst=dl 4A(3)T 7L degree of random-
ness (B9 AFE =3 v} glon, w3 S¢}
T unit®] sequence WFEHZA) (Luns, Lup)= 7zt
72t Psr 9 Prs®] 5322 Al4tsiitt.

B=Ps;+ Prg (3)

AN, Psr: S thgol T unitd
(= Fser/2Fy)
Prs: T thgol S unitE 438 &5
(= Fser/2Fr)

B4R &5

ol#g AP eeRe] PES/PET F3HES
zAo| W Pspy Prs, Luns, Lnp, 283 BEE
AAsled 2 Jepd Zo] Table 30]t}. sequence
HFEHdols JA Ao wet o7 wtod,
DMTe] gigo) 571855 T unite] 447t &
7Vets ASS JElT. =3 Bkl EAR AT A
ET27} ttg 35S vlste] B3] et
1, B o] ET2& 71202 DMTY #&fo] 713}
W Bl oA FrRle AT R9FAt. 28y
FZEEY Bte T unite] Q0] ARl Ayt
Ao lo] 7he BAAL WHEEE |72 3
2& 2o 33 3t

olzlg AFL B} TR HE AAF Yoshies
o)1t 7 E Egjo}l= sequence ¥Xoi HB3}L ©)
AR AFZ (Fsps, Fspr Frer) @ vlaste] vet
Zol Fig. 40|th. &, B=1o]" S¢} T uniti=
23o0] (Bernoulli) SA] 2 gty 4HA A
=0 PES/PETE5HE9 AAALRE JA 2 &

£
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Table 3. Probabi ity, Block Length and Degree of Randomness of PES/PET Copolymers

DMT unit Probability of Block length Degree of
Polymer Mol% finding of unit randomness
PST PTS Lns LnT B
PES 0 0 - - - -
ET1 10.1 0.107 0.873 9.372 1.146 0.980
ET2 38.7 0.380 0.596 2.632 1.678 0.976
ET3 59.6 0.593 0.403 1.686 2.481 0.896
ET4 79.9 0.800 0.213 1.250 4.695 1.013
ETS 89.6 0.897 0.119 1.115 8.403 1.016
PET 100 - 0 - - -
1.08 — T Table 4. Degree of Crystallinity and Inherent Viscosi-
ty of Various Annealed PES/PET Copolymers
DMT unit Annealing | Degree of |Inherent
081 P 5 Pregr Polymer (mol %) Temperature [Crystallinity |Viscosity
('C) (%) (dL/g)
8 PES 0 70 48.2 0.521
2 06 b ET1 10.1 65 43.4 0.457
g sertPres ”
g ET2 38.7 - 28.0 0.428
g ET3 59.6 130 38.8 0.508
g 04 ET4 | 799 190 374 | 0.509
g ET5 | 89.6 200 30.3 0.553
02 PET 100 220 43.6 0.547
Byl F7HE4F HY F7h5H F4E e
0'0.0 0. 0.4 0.5 08 1.0 PES/PET SZea< 8Ha. PES/PET 3%

DMT Molar Fraction

Fig. 4. Plot of th2 sequence distribution of the PES/
PET copolymers.

st Aoz o 2ol BAZEY wEs HAYITF
gedol dFH=H A

PET/PES J:iiglge| ZMslz ¥ FEX. PES/
PET ZFHES Fo3 dAHRToIAM EAHZAIR
& AFYEx ¢ I=EsE EFHS A7t Table 4
olt}. olml FF3-BY AAIE (X))@ =7
Wog ZA3 11Tk group contributiony 18
E3lo] o]2& o z At ARG HAAHe
Aol AEgHe o 83l Alkleided], 4o A
g 49" ET oA X} 71K @A Jdehts A
oz B u o] ¥IoA HAEY R 2R Held
Ao] dojtE 24 & AT F Aok B LF
Hegkel Axol j= ET2E 71222 3o DMTH
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o] o)A utgH PBS/PBT #3¢ER° vizt
7} 2 PESS} PETZI] d@eo2 I @3
dojubx] gheths 7P8lA Floy4(3)& #H82 &
Ao, oju sequence JHEE (P& =U5H
EES (X)E WAT + Sltke B2 2317 A
;}..4.16,18

ool PES/PET 529 &4d°l ©A T unit
o) Xollgk &&Edh=R] o Egjoj=E& (Pl
HE o&sexg o|29 oz isturt PE o
7H] e g dAste] o] 52 AT Ellt. & PES/
PETZ%&2WHoM PES (£ PET)7l 233 €
4 PET (3= PES): 244 viA=E 2 23
PES (&= PET)ZAT] FAHHE B4 P
#e Fsps (B Prer) 02 JeRd £ 3loH, =8
PES/PETFF &2l FZEZFEH7L obd 47
PESS} PET7} ZA5s0] & FHje] 232 343t
£ 739olMY Pate Fops®t Frerd] o2 BEE
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300

200

7ALC)

100

0.0 c2 04 0.6 ()r8 1.0
DMT Molar Fraction

Fig. 5. Changes in melting temperature (7,,) of PES/

PET copolymer a: a function of composition ; al, a2

: experimental T ,, bl, b2 : T, derived from X, di,

d2: T,, derived fiom Fggs(or Frgr), cl, c2: T,, de-

rived from Fsgs+ Frer

F AR

uletr] P& T¢18}3 group contributiont o 218
AAtEl ol2§s Gz (PES : 11 KJ/mol, PET:
25 KJ/mol)& T35l o5 4(4)o] tidste et
A A7} Table jo|t}h.

1 -_ R
7, 17 am, "D )

A7), T, T, @ FLFEHL 584 §3
R: 714 $5+(8.314 J/mol K)

X, : cry talline unit®] &8
4H; . o] 2ga|g2Le

FTEEY ATz 2YRAF

Fig. 5= Table 5ollA #3 ztzpe] o|2§H 7 4
A §HS terephthalate unite] Fafo] wie} T4}
o AFAZA, TFEEY §9AF) tereph-
thalate unit 35l wle} M2 o8 3¢S ¥9F0
Qlt}. =, terephthalate unit ggFo) Aoz 7
& ET2 332E7He X8 =98 §8A4A5S &
A9}, terephthalate unit $Fo] AAtjFez &7}
He ET3RHE X240 Fregrg =93 ol=Fx
FHAATE U eE & ¢ dqdnh. olFT e
PBS/PBT ¥3%EU 4% PBS PBTHHE
Hste ZAo] o= dFWYFoz LdPstey PBT
(= PBSYHHY AT FAEY ol §FH7A
Ae2 Fsps (B Frep) & ol &% Pgloll 2 dX
g Aote tE AFS BFn % =3 32
A7} opd 2] PBSe} PBT7 A& s & §
Hel 2AE BAske B9<A Pk (= Fsps+ Frar)
= BAX = AYE BT

ujgtA] PES/PET FZ&E9 Aol §8A 50l
ol thg P E Jeht= A& PES & PET
7t d5o g AAFEAY £ FAlN A2 5YH
o2 ZAAE YRt MR 2 IUFNE
(el 1 ES, ET)e] dgtsle ol=Axe] 324& 3
ARE 754l ATt B o] & HFEStT

X-& 3|FHD oMTE ZHol. YoM 7T vist
2o| €423 PES/PET 58 ES] 32AS 0 2
Al R-g &7l ot X-4 HENZET/E vepd
e Fig. 60]c}. Ex2]% PES/PET 358E9] &
Lol ET28 AlQlsty 2E 990l 23 23
gojago] UepdE & + UAUH-

olgol AATRE A4MEA ET1c)4 PESHH

Table 5. Compari ion of Theoretically Estimated T, with Experimentally Determined T, of PES/PET Copolymers

with Various Corr positions

T Actual T,,° After Theoretical Melting Temperature Tm(C)
Polymer DMTmol % | A nealing (*C) | Ty by X, | T by Fopsor Erar | T by Foms+ Frar

PES 0 97 97 97 97

ET1 10.1 86 86 75 76

ET2 38.7 - 52 18 40

ET3 59.6 156 213 178 203

ET4 79.9 205 235 216 220

ET5 89.6 231 244 233 234

PET 100 254 254 254 254

Felo A203 )1z 19969 19
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Fig. 6. X-ray difi raction patterns of PES/PET copoly-
mers with variou: compositions.

9 AAF7ZE v el ET3904 ET571X)= PET
FEjot vl CIFFRI e ¢ £ A
IFAT o5 FEHE S HuRE PES/PETE
THEEC] o] Bug} o] ¢xEA PES w=
PETRH S 24 16 & W22 ¢4 & BoiFd. &,
ET48} ET59) 1-3829) %9 PETIA veht
2 @¥l A4 Te|=r) 18° RaolA Uepdot.

o2 2 |2E PESS) AAolael o
ZAoE BB o]:= terephthalate unite] Feko]
B2 PES/PET: '3 &A= PESZ o] %0z &
A2 AFE] PETARUZ dAgo] HdM 4
& FH9) AR Q& vepd Aoz 47EAN.

olsh HizalA ET1S) ZASol® 16° o)A
PET?] ZATelagtn & + Y M2 Fe 9
AR50l 27} th b AP BelZch

%29 Tabli- 39] degree of randomness (B)!
Ao Yehd vl ek go] ET13 ET2 33 §EclA
o 54 ve ITHERN U] HI2E o] B
ZolAl= PET nit7} PESUHE AL 7tsAe
H& 3dhsizla PESYE @02 ZAAIN S 7}e
dol AAEe Z0Inh. ojgige] X-A AT

94

Florye] $37¢4A5cg® 4mpwd, PES/PET
58 EY 2= succinate unitd] ZAjo] TR
g dolls 2249 B3] ZFsinz PESH)
PET9 ZAAYAPE wiAsly 950z AYHY 7}
el & whd, DMT7} $23 2404 & PES ©®
= PETe oz Aol S8 oz AR} o] fo]
A AttE AA4REOE o 3] TEaZd do]
Hol FZEATt . AZEUC}. o)9kge] PES/
PETEZHEo] FZ2A3E I = ojfE 4
Bate AL G4 ¥R o) dyARE 2e B
713 o] {2 olH e H4L Tl

Z, Edgar$} Hill9j! @ ¥of )81 terephthal-
ate unit®] HEGHol= 5804 02 o] B A
7} 670 adipate unite] BIETIg|Zo]:= 5,193 ©
Z zto]7h v, w3 FF 2] 2t Hdal
Aol oJate] Baja)Fo)] obzhy 7] 2017 AXYPA
S W = QA7) wWRel FAASE s ] oY
o Badk v Qo 28 X% Yos-hie5216 o)
e FUFAHELY HHEGdo| Rt dE Y
FEFA 5o 23t sequenceZ o) 7t FAlEHA B
B FERE N P Budpe sigo.
olgjgh F2& wol5o] adipate unit®c} yHEThe)
dol7} &2 succinate unit7} oJ#7) o]0l 4 tere-
phthalate unit®] ¥HEc9lzdoel 9} v)&s)d 22 9
8strt. o] 2] Az} @u)7 AL Fig. 20 U
ol21g =2]& 7AW sequenceZo]7} hE Egd
ZH E/E 2B 23 ZEEe] BT ol23 &
o] TEEolol HA FUF SLEAE (SAY
DMT)& AH8% PBS/PBTEZFHEY A$oles A
& oljge FHEASEALS BEY F YY) wE
olqitt. welA olgjge FAAINRAALL FTEEA
oJi FHO alkylene unit (€38, FHAS)E A}
S8 olHE A4S UelA sl gdew
ABZE R olo] tigh AFEHS] UJAFHL ofF
AstA] gt &  AYSith. o)elge) PES/PETE
FYUENAY TEYIEGL VB™oe FAAY
al7] ol FRYAT 7S vekd @ately
718 FAASZ A= A3E] FaASHA 2T A

P& o 5 ek
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Poly ‘ethylene succinate-co-ethylene terephthalate) ¥Z 829 w729 AYFAS

2 £

PES/PET#3 29 vj4l7x 241 A% S
1Fse e Ze 2L A

1. 'H-NMR £ ¢|g3le] PES/PET#3¢E9)
ATZE 13t 9 degree of randomness ( B) S
A A3, DM 38.7mol% A= Alt)a o
£9] o] - 1 o] ZA A= APEE
of 7Bt

2. ¥8AEE 4HE Z3 DMTY ko] 2718
T5 FZA  §F0l Basr) oA Frtels
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