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Scheme 1  Synthetic route to PEF synthesis by PTA method
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Table 1 The effect of FDCA/EG molar ratio on the synthesis of PEF

. . The carboxylic group . The carboxylic group
Time of arriving J(mol-t-1) Yield . JCmol-t-1) FDCA PEF
n(FDCA):n(EG)  at clear point/ content .rTIO .t of the e content/{ mol-t . . .
. ( Esterification (dL-g~ ) ( polycondensation conversition/%  yield/ %
min ester/ % ;
products ) products )
1:1.2 115 951.90 88.60 0.29 86.80 98.96 84.68
1:1.4 85 917.20 88.39 0.63 78.40 99.01 81.27
1:1.6 60 907.50 87.88 0.69 69.20 99.08 82.14
1:1.8 56 909.20 87.92 0.63 77.90 99.02 84.16
1:2.0 50 934.80 86.23 0.62 80.35 98.31 82.39
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RERY+ o BrLd FDCA 5 EG RYES IS & T [ ARSI SO, S BT aa i Fe Ak 1 D8 Bk T FDCA
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Table 2 The effect of catalyst dosage on the synthesis of PEF

Time of The carboxylic group The carboxylic group
x( Catalyst arriving at content/ (mol+t ') Yield of N/ content/ (mol+t ~1) FDCA PEF
dosage ) /% clear point/ ( Esterification the ester/% (dL-g™") (Polycondensation ~ conversition/ % yield/ %
min reaction ) products )
0.03 90 1013.10 83.24 0.45 312.70 95.83 81.72
0.05 84 1 104.60 82.28 0.69 99.80 98.61 81.26
0.1 78 427.30 94.30 0.79 61.80 99.15 83.14
0.3 60 907.50 87.88 0.69 69.20 99.08 82.14

0.5 58 882.30 88.20 0.71 181.30 97.55 82.32




754 N AL o 5529 %

7 S SIS AT, g — 5 % A 7 ) 00 ik S 5 b SO A HEAR VR o R Bt MR AR R 5 0
T, P A SR 05 0955 B A5 4 P ) B S 4 ( L3 2) SR B G A e S R 5 R SR T, A IR
BIEE IR0 N 0. 1% I, SR B 5 A, R AL R By o

HEATANS 45 5 SRt AT RCELAE T, BRARE A S 1o 1 1) A Tt A A SR 5 W e Ak S ) S B, B i AL 771
A BREN, PR 2 BB AL T R, T i AR 4 5t B R/ IMEL S T o TR RE TR IE B P 7K 3 By
0. 1% I, FEHOR BEFR R, iR 15 0 fefIR, FDCA YR AL 99. 15% , PFE YR N 83. 14% (£ 2) o
2.2.3 BB e HER 3 LAl YER IR Th R I, 1K I AT A R TR] e A I e T
P o X PR A IR A B A W A ISR, B 8 S it A R 1) TE SR T [l R4 T 5 [ B B g T A o
AT FDCA ¥ ff T EG b A M T IS BRIL R FEBR LI O 210 “Ci, iR Bk & (K (427. 3 mol/t)
P A3 55 (94. 30% ) o

*3 ERULBEXNEH PEF BT
Table 3 The effect of esterification temperature on the synthesis of PEF

Time of The carboxylic group The carboxylic group
Esterification arriving content/ (mol+t ") Yield of Neprc/ content/ (mol -t ™) FDCA PEF
temperature/ C at clear ( Esterification the ester/% (dL-g™1) (Polycondensation  conversition/%  yield/%
point/min reaction ) products )
180 298 561.20 92.52 0.59 264.40 96.48 81.24
190 141 856.70 88.55 0.70 185.40 97.53 82.73
200 94 710.90 90.52 0.74 108.30 98.56 83.92
210 78 427.30 94.30 0.79 61.80 99.15 83.14
220 61 458.60 93.89 0.77 78.60 98.95 83.27
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Table 4 The effect of different polycondensation temperature on the synthesis of PEF

Polycondensation temperature/°C

220 230 240 250
Polycondensation FDCA PEF FDCA PEF FDCA PEF FDCA PEF
time/min conversition/%  yield /%  conversition/%  yield/%  conversition/% yield /%  conversition/%  yield/ %
60 95.29 82.38 96.03 83.15 96.47 83.20 98.56 83.06
120 97.20 83.15 96.91 82.96 97.19 83.08 99.18 82.28
240 97.35 81.59 99.20 82.75 99.04 82.75 99.22 82.31
300 - - - - - - 99.35 83.16
360 99.15 83.14 99.32 83.46 99.18 82.79 99.28 83.29
420 - - - - - - 99.29 83.18
480 99.20 83.28 99.45 83.58 99.46 83.34 99.16 83.39
540 99.05 82.96 99.34 82.86 99.02 82.96 - -
600 98.52 82.47 99.32 83.78 99.01 83.36 - -
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Table S The effect of stabilizing dosage on the synthesis of PEF

x( trimethyl phosphate The carboxylic group content/ (mol-t~")

nsp/C/( dL-g™") FDCA conversition/%  PEF yield/%

dosage ) /% ( polycondensation products )
0.01 1.05 48.60 99.35 83.16
0.03 1.29 34.30 99.54 82.19
0.05 1.23 37.10 99.50 83.47
0.07 1.21 37.60 99.49 81.68
0.1 1.17 39.80 99. 46 82.79
0.3 1.08 46.30 99.38 83.65

j: N

3 én T

AR AR BER 2,5 -0kl — F R AN 2 e JEUR) il id F R e ALk il 4 73R 2, 5-mk il — IR & 8¢

Ho 4 FTIR F1'H NMR X7 4 (2546 FAE  UEWTH O 2K 2, 5-mk i W iR & WM . % G SO 42 i %

A7 45 RAR T, RERR L B 1% M 2 v B P AL T S 1 ST A 46 SR O 5 SR G id #R HFDCA S EG

B L RN B T T Pl e 4 SR E SR R 790 A S A P Wi A S T A 7= ) B SR i 7= ) ) L ke

KRG R L & R 24 n(FDCA) :n(EG) =1:1.6 x (FERRIEY)) 1 x 107 AL IR E N

210 C HHRIULIE Ry 240 C 455 SN A] Ay 480 min Fl o (BEER = ER) 3 x 10 ™" if , WAL AR 2 Joe e , 44
R PIRINS 7 1R R, SR A R AR

& % x #

[1] Gandin A. Polymers from Renewable Resources: A Challenge for the Future of Macromolecular Materials [ J ].
Macromolecules ,2008 ,41 (24 ) :9491-9504.

[2] Moreau C, Belgacem M N, Gandini A. Recent Catalytic Advances in the Chemistry of Substituted Furans from
Carbohydrates and in the Ensuing Polymers[ J]. Top Catal 2004 ,27 ;11-30.

[3] Benecke H P,Kawczak A W ,Garbark D B. Furanic-modified Amine Amine-based Curatives;US,280186-A1[ P],2010.

[4] Otto G,Ulrich F,Kristian K, et al. Synthese und Charakterisierung von Polyestern und Polyamiden auf der Basis von Furan-
2 ,5-dicarbonsiure[ J]. Chem Ing Tech,2009,81(11) ;1829-1835.

[5] Shono T, Hyono K, Hachihama Y, et al. Syntheses of Polyesters Containing the Furan Ring[J]. Kogyo Kagaku Zasshi,
1960,63:176-178.

[6] Moore J A,Kelly J E. Polyesters Derived from Furan and Tetrahydrofuran Nuclei J]. Macromolecules, 1978 ,11(3) :567-



756 N AL o 5509 %

573.
[7] Gandini A ,Silvester A ] D,Neto C P,et al. The Furan Counterpart of Poly ( ethylene terephthalate) ; An Alternative Material
Based on Renewable Resources[ J]. Polym Sci Part A;Polym Chem 2009 ,47.295-298.

Synthesis of Poly ( ethylene 2 ,5-furandicarboxylate )
via Direct Esterification Method

LIU Qian“, JIANG Min’, ZHOU Guangyuan’, ZHANG Qiang”, YE Chong*, AO Yuhui""
(“College of Chemistry and Life Sciences ,Changchun University of Technology ,Changchun 130022, China ;
*Key Laboratory of Polymer Ecomaterials ,Changchun Institute of Applied Chemistry
Chinese Academy of Sciences ,Changchun 130022 , China)

Abstract  Poly ( ethylene 2, 5-furandicarboxylate ) ( PEF) was directly and successfully synthesized via the
direct esterification method ( PTA method ) starting from 2, 5-furandicarboxylic acid ( FDCA) and ethylene
glycol (EG) , in which stannous oxalate was chosen as catalyst. Effect of the molar ratio of FDCA to EG
(1:1.2 ~1:2.0), dosage of stannous octanoate (0.3 x 10> ~5 x 10> mol/mol FDCA) , esterification
temperature ( 180 ~220 °C ), polycondensation temperature (220 ~250 C ) and dosage of trimethyl phosphate
(1 x10™* ~3 x10° mol/mol FDCA) on the esterification and polycondensation processes were studied in
details. The optimized process conditions were found to be:n(FDCA):n(EG) =1:1.6, stannous oxalate
dosage is 1 x 107" mol/mol FDCA, polycondensation temperature is 240 °C, polycondensation time is
480 min and trimethyl phosphate dosage is 3 x 10 * mol/mol FDCA. The results of Fourier transform infrared
spectroscopy ( FTIR) and nuclear magnetic resonance spectroscopy ('H NMR) confirmed the expected PEF
structure.

Keywords poly( ethylene furandicarboxylate ) , furandicarboxylic acid,direct esterification method , renewable

resources



