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Abstract: Bio-based polymers including poly(ethylene 2,5-furandicarboxylate) (PEF), poly(propylene 2,5-furandicar-
boxylate) (PPF) and Poly(ethylene 2,5-furandicarboxylate-co-propylene 2,5-furandicarboxylate) (PEPF) were synthesized
by reacting 2,5-furandicarboxylic acid (FDCA) with ethylene glycol (EG) and 1,3-propanediol (PDO). Chemical struc-
tures of synthesized polymers were characterized by FTIR and '"H NMR. In addition, the fraction of EG and PDO in
copolymers were calculated from 'H NMR spectra. As the results, the fraction of PDO in copolymers was higher than
EG compared to feeding ratio in synthesis. It is attributed to higher reactivity of PDO than EG. Synthesized polymers
were melt-spun under different conditions according to the results of differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA). And the tensile properties of the fibers were evaluated. Tensile behavior of copo-
lyester fibers exhibited similar behavior of undrawn fibers. Thus the feasibility of bio-based copolyester fibers were con-

firmed.

Keywords: bio-based polymers, poly(ethylene 2,5-furandicarboxylate), poly(propylene 2,5-furandicarboxylate), poly(ethylene
2,5-furandicarboxylate-co-propylene 2,5-furandicarboxylate, copolyesters.
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Figure 1. Synthesis of PEF, PPF and PEPF.
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acid(FDCA, AVA biochem, Switzerland), ethylene glycol(EG
99.5%, Samchun pure chemical Co., Ltd.,, Korea), 1,3-
propanediol(PDO, 99%, Dacjung chemicals & metals Co.
Ltd., KoreayS A&t 53 vhg-ollx Sufje} G A]
=2 Titanium(IV) butoxide(TBT, 97%, Sigma-Aldrich Co.,
USA)<} Songnox1680(Songwon industrial Co., Ltd., Korea)
= ARSIt BE Aok F7H] A flo] AREE ST

OEX g, S3 #2 esterifications} polycondensation
o] T dAE W3P3FA . FDCA 1 mol(156.09 g), diol 2
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2} S8 A 2519 2™, TSKgel Super AWM-H column
S AREet] STt e A 25 E2lst
7] $130 Nicolet iS50(Thermo Fisher Scientific, USA)S- A&
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Figure 2. FT-IR spectra of PEF, PPF and PEPF copolymers.

} 7 ? o

\ o. | b \ o |«

o] e e T
c ) E

PEPF copeolymer

PPF a

ThA-d c

PEPF25/75

PEPF50/50

PEPF75/25

PEF

Figure 3. 'H NMR spectra of PEF, PPF and PEPF.



Hlo] 2 718k Copolyester 43-f: Poly(ethylene 2,5-furandicarboxylate-co-propylene 2,5-furandicarboxylate)2] %

band, 968, 768 cm'oll 4] furan ring2] C=C bending band,
1578 cm'@l| 4] furan ring®] C=C stretching bandS &2135}5]
T} Ester group®] C=0%} C-O stretching band+= 173334}
1262 cm'o|A ZFzF yelstt). PEFS} PPFE] 287171 719]
727] wWizoll FT-IROIA AE7ke] pol= SIS = glow,
T8 28719 peakit Rl T UTt. ARk oz £l ¢
FA vEH FeAA ] 2L A=A 0}7(] 27] wi<zoll 'H
NMRE ARE3led PEPF 353A9] 25 F4131$tH(Figure
3). 7.4 ppm(a)< furan ring®l] U= proton«] peako]t}. 4.7
ppm(b) EG F-EollX F2lgt proton®] peake]:L, 4.5 ppm(c)
2.3 ppm(d> PDO H--2] protonol] 2]3] YERD peako]
o} 7} peakE AEate] b W] EGSF PDO9| HIES
T5Fo] Table 19 Vet EG= PDOS} vl ste] F9ish
B & H o} W H]&Z copolyesterdl] 34 = Ao, EG7}
PDOXT} FDCA®] theh ukgAo] vhe 21 1e 4= Qlvt
(Flgure 4). Aekst 733k gRlsl7] 91814 Fineman-Ross eq.
< AH&3te] EGeF PDOS| FYHI e} At A o] /du =

Table 1. Mole Fraction of EG and PDO in Copolymers
According to Mole Fraction in Feed

Mole fraction Mole fraction

in feed in copolymer
EG PDO EG PDO
PEF 1 0 1 0
PPF 0 1 0 1
PEPF25/75 0.25 0.75 0.13 0.87
PEPF50/50 0.50 0.50 0.32 0.68
PEPF75/25 0.75 0.25 0.59 0.41
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Figure 4. EG mole fraction in copolymer according to feed.
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Table 2. Molecular Weights of Oligomers and Polymers
Analyzed Using GPC

M, (g/mol) M, (g/mol) PDI IV (dl/g)
PEF 52,464 115,070 2.19 0467
PPF 62,910 122,524 195 0462
PEPF25/75 44,616 91,669 205 0318
PEPF50/50 57,004 116,766 205 0478
PEPF75/25 62,118 115,543 1.86  0.406
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Figure 5. DSC curves of (a) as-prepared; (b) thermal treated PEF,
PPF and PEPF copolymers.
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Figure 6. TGA thermograms of PEF, PPF and PEPF copolymers.
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Figure 59} Figure 69 PEF, PPF, PEPF &% 2] DSC
o} TGA 3435 77F Yeplth Table 39 2t 353A)
9| T, Tw Ts= 23T PEFS] T,= 80.76 °ColH, PPF
o] Ta= 52.75°CE Jebdth 353A9l Ti= PEFS} PPFe]
T, ARolellA YR ow, PEPF25/75, PEPF50/50, PEPF75/25
o] 7= 7t} 5348, 62.52, 67.53 °CllA] UERSTE PDOS]
FaFo]l F7VEFE T71 WobA] PPFE] Tl 7HIAl= A
© 2 Yeht} PEPF 353 gubEel 532 B4
Hol= AL gelslgty. PEFSF PPFY 7,2 77t 210.68,
171.81 °ColA Yebdt}. PEPF 258419 7,8 ¢ 5 &
BAZ el SH8E W R A Tt g ekt &
1S 98t PEPF 35 AE 150 °ColA 16417 A2 &
DSCE A=A sIAT}. vtz o2 PEFS} PPF= AR ABAS
E7F =Y ARAE A 7] Wil S vkE 39
s WEo 24 FAIE GHEE RS W Aol 4
zH PA= o] T8 7,01 YEFSTE @A $ PEPF 5%
Al Fell= PEPF25/75%F AX o] A= o] 150.73 °CAlA T,
o] YEebstth. PEPF50/505% PEPF75/25% T,°] YJERIA] &
o} ¥ AEARI A& ERISIATE T =3u)7t

Table 3. Thermal Properties of PEF, PPFK, PEPF 25/75,

PEPF50/50 and PEPF 75/25 (unit: °C)
T, T, T,
PEF 80.76 210.68 427.09
PPF 52.75 171.81 399.46
PEPF25/75 53.48 150.73 400.87
PEPF50/50 62.52 - 408.40
PEPF75/25 67.53 - 409.22
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Figure 7. Melt spun copolyester fibers at winding speed of 300, 600
and 900 m/min.
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Figure 8. (a) Denier; (b) tenacity; (c) elongation of copolyester fibers according to winding speed; (d) tenacity curve of copolyester fibers

at winding speed of 900 m/min.
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