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Scheme 1  The synthetic route of PET-b-PEF copolyesters

Ti(OC,H,),

o)
HO- CH,CH - CH,CH - CH,CH
O- CH, z—fcooUcoo ; ZHOOCOCOO . 2-)7014
b b a a
C C
HO- CH,CH,— COO—@—COO— CH,CH, —ooc—@— COO— CH,CH,-0OH
d d

0 o
HO~ CH,CH, —COO~({" )y~ C00~ CH.CH, —00C~{ ")~ C00~ CH,CH, ~ OH

e f
O
HO- CH,CH, — COO—@— COO- CH,CH, — ooc—@— COO- CH,CH, —OH



56 R e 2 $34 5

%1 PET.PEF % PET-b-PEF 1)'H NMR 5183 5> FRELE R
Table 1 Results of 'H NMR and relative molecular mass of PET, PEF and PET-b-PEF

m(PET):m(PEF) Mass traction of structure in product Block length Degree of N *C -y

Sample . M, x10~*
in feed w(PET) /% w(PEF) /% Ly Ly randomness B (L.~ ")
a 1.00:0 — — — — — 0.64 2.74
0.95:0.05 95 5 14. 146 1.924 0.59 1.12 —

c 0.90:0. 10 88 10 8.452 1.949 0.63 1.36 —
d 0.85:0.15 79 15 8.393 1.822 0.67 1.38 —
e 0.80:0.20 82 20 7.658 1.875 0.66 1.44 16.18
f 0.70:0.30 69 30 4.950 2.338 0.62 1.53 —
g 0.60:0.40 64 40 4.631 2.555 0.61 1.59 —
h 0.50:0.50 51 50 3.870 3.342 0.55 1.62 17.06
i 0:1.00 — — — — — 0.82 13.99
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Fig.2 The second heating curves(A) and cooling curves(B) of DSC for PET, PET and PET-6-PEF block ployester
with different block ratios
m(PET):m(PEF) :a.1.00:0; 5.0.95:0.05; ¢.0.90:0. 10; d. 0. 85:0. 15; e. 0. 80:0.20; /. 0. 70:0. 30; g. 0. 60:0.40; h.0.50:
0.50; i.0:100
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PEF R BB G Y, XAl & BeR G Tk al 47 o B IR PEF 55 BES 70 B3 i, PET-b-

PEF % B 5 Wi 14 958 A A2 T E e R AR T i, 465 et

RE 1B W48 22 , TG IR A il P2 S AR, 53
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Table 2 DSC results of PET, PEF and PET-b-PEF block ployesters with different block ratios

m(PET) :m( PEF)

Sampl
ampre 1.00:0  0.95:0.05 0.90:0.10 0.85:0.15 0.80:0.20 0.70:0.30 0.60:0.40 0.50:0.50  0:100
T,/C 80. 17 80.3 78. 54 75.85 77.03 77.37 78.49 78.85 86. 04
T./C 183. 54 161.86  160.78 152.90 — — — — —
T./C 252.00 238.12 230.71 208.25 — — — — —
2.3 TGA &R

3 2 PET \PEF il PET-b-PEF ix BARER/E N, "R TR B2 i aR IR i L T, e

Koy il o 2 X7 N By IR (T, ) Rl =
(w(residue) ) 51| T3 3, 3R 3 Bdlsrl LI i, PET-
b-PEF Z 51k B 3L S We BAT R4 i) IR E ok, ] iR
SR BETE 392. 0 ~407. 9 CZ A, 5 il & 1 PET
LIRS R B 403. 3 CAHIT, H YL B EE ) PEF £
BE B A BN B 15% I, R I 4 e IR E S 7
407 CZiAq, 0T PET, LR ERIR Ik R I TE 20% £
o BAEFN PEF 5 PET HA AL E 12 24540, 5
B v I R AN B0 (], 22 031 8 2 Y K IR 8 5 R BF
AR R — A P SR B R R ek, 1 ik
MR P12 1 S LT3, H L S P LU R BR R, TE i 40
HEBCHP B TR IR PR TR 2T 01 B) U 5 SR T
Ik g B o ) S N0 N TR, R P AR 22
HRESE P C—C C=C , C=0 FIC—0% 5|} 346
610,749 1360 kJ/mol, FHifs b A1k, B PR ke B4 Ffp
T EAETE 1730 ~2286 kJ/molZ [i] , il AR B4 BT 5
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Fig. 3 TGA curves of PET, PEF and PET-b-PEF
block ployester with different block ratios
m(PET):m(PEF) :a. 1.00:0; b.0.95:0.05; c.0.90:0. 10;
d.0.85:0.15; ¢.0.80:0.20; . 0.70:0.30; g.0.60:0.40;
h.0.50:0.50; i. 0:100

ELE2076 ~2868 kJ/mol, fif UYL IR EEh PEF i 0 BOAN i 15% I, 73] SUBE S 3 2R P A 0 A
T AR, e SR R 2 A R AR R L EE PET (AR AR TR0 AT 402. 4 °C i, X4 3L R g vh PEF
B BN 15% M C—C |, C=C |, C=0 F1C—O0 8y Mg I Y F2 225U, fof 3L SR 4

PEREAS 22 , R AR AT RIS LU PET I,

%3 PET.PEF EAE#:E Lk PET-b-PEF ) TGA ¥iE4& R
Table 3 TGA data of PET, PEF and PET-b-PEF block ployester with different block ratios

m(PET) : m( PEF)

Sample 1.00:0 0.95:0.05 0.90:0.10 0.85:0.15 0.80:0.20 0.70:0.30 0.60:0.40 0.50:0.50 0:100
T,/C 402. 40 407.38 407.49 407.92 401.45 400. 89 398.51 396.19 394.02
T4/ C 429.84 431.74 433.00 433.06 431.26 431.66 434.71 420.85 419.36
w( residue ) /% 19.69 22.73 25.67 21.49 22.22 21.32 19.44 17.50 13.74

2.4 XRD 8

£ DSC JHid 45 i 524, PET-b-PEF i B G h PEF §R BT 0 80m T 15% I, JESR R BoA

R . TRLE, T A XAt S — 2T 5

JCRWRAT IO, K 4 RS WA I . A

4 L FEIAEZS TR PEF JCW] AT, S ToE K o PET 75 20 Jy 17. 8° 22, 4° 25, 9° b A7 W] AT 554
W BE A b e A d 7E 26 7 22. 3° 25 TOREE A BE AT HTIE  SEWTEE AL b oo d fERZAL P, S 245 i 7
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Rligo mFEdh e fog M h A —A N Joe Bl 45 /3R XY PEF BT M0 T 15% N, R A #E
WG o RUR AL ASL ), 5 DSC Bi 4 R—2.

il
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Kl 4 PET,PEF K A[EHxEEEL PET-b-PEF Y XRD &%
Fig.4 XRD spectra of PET, PEF and PET-6-PEF block ployester with different block ratios
m(PET) :m(PEF) :a.1.00:0; 5.0.95:0.05; ¢.0.90:0.10; d.0.85:0.15; €.0.80:0.20; £.0.70:0.30; g.0.60:0.40; h.0. 50:
0.50; i.0:100
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Synthesis and Characterization of Polyethylene Terephthalate-
b-poly ( ethylene 2 5-furandicarboxylate) Block Polyester

LI Liangui’, FU Zhipeng”®, LI Mingchao*, ZHANG Qiang’, WANG Rui’, WANG Guogiang’, JIANG Min"*
(“College of Chemistry and Life Sciences ,Changchun University of Technology ,Changchun 130012 , China ;
"Key Laboratory of Polymer Ecomaterials ,Changchun Institute of Applied
Chemistry , Chinese Academy of Science ,Changchun 130022 , China ;

“Carbide Factory of Jilin Petrochemical Co. Lid,Petro. China,Jilin, Jilin 132022, China)

Abstract Poly( ethylene 2 ,5-furandicarboxylate ) (PEF) was synthesized based on 2 ,5-furanicarboxylica acid
and ethylene glycol. Polyethylene terephthalate-b-poly ( ethylene 2 ,5-furandicarboxylate ) ( PET-6-PEF) block
copolymers were prepared by melt transesterification method. PET was partly replaced by PEF polyester. The
properties of PET-b-PEF block copolymers were characterized by nuclear magnetic resonance spectormeter
(NMR) , differential scanning calorimeter (DSC) , thermo gravimetric analysis( TGA) and X-ray diffraction
(XRD). The results show that the glass transition temperature(T,) of copolyesters is about 75. 8 ~80.3 “C.
The T, of the PET-b-PEF block copolyesters first decreases and then increases; the crystallinity and the
melting temperature decrease with the increasing contents of PEF segments, moreover, there is no crystalline
diffraction peaks for the copolyesters when the chain segment content of PEF is higher than 15% . The initial
decomposition temperature of this series of copolyesters is about 392. 2 ~407.9 °C. PEF has excellent thermal
properties similar to that of PET(403.3 “C). In addition, the thermal stability of the copolyesters is better
than that of PET, when the chain segment contents of PEF in the coplyester is less than 15% , and the initial
decomposition temperature of PET-b-PEF block copolymers is close to that of PET.

Keywords poly( ethylene terephthalate ) ;poly( ethylene furandicarboxylate) ;block copolymer
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