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Preparation and properties of 2, 6-pyridinedicarboxylic acid modified PBAT copolyesters
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Abstract : Poly (butyleneadipate-co-terephthalate) (PBAT), as a kind of polyesters with good biodegradability , will be the best
alternative to traditional plastics, but its poor thermal and mechanical properties limit the further application and development of
PBAT. In order to improve the comprehensive performance of PBAT, PBAT and its modified copolyesters PBDAT were prepared by
the one-pot method by introducing 2, 6-pyridinedicarboxylic acid (DA) as the fourth monomer into the molecular chain using 1, 4-
butanediol, adipic acid, and terephthalic acid as raw materials. The copolyesters were structurally characterized and properties were
systematically investigated by characteristic viscosity determination, rheological testing, differential scanning calorimetry analysis,
thermogravimetric analysis, mechanical property testing, biodegradability assessment. The effects of DA on the thermal stability,
mechanical properties, and degradation properties of copolyesters were investigated. The results show that the rigid structure of DA
increases the temperature of the weight loss of 5%, the maximum decomposition rate temperature, and the residual carbon value at
600 °C of the copolyesters, the tensile properties and elongation at break of PBDAT are significantly improved, with the highest
tensile strength of 21.45 MPa at 0.02 mol DA in PBDAT, which is 52.9% higher than that of the unmodified PBAT. The highest elon-
gation at break of 1 198.89% is observed when the amount of DA in PBDAT is 0.06 mol, which is 30.27% higher than that of PBAT.
Meanwhile, the addition of DA decreases the crystallinity of the copolyesters, increases the amorphous region, and facilitates the
contact between degradation enzymes and ester bonds, which increases the degradation rate of the copolyesters. Therefore, the excel-
lence of PBDAT in thermal stability and mechanical properties extends the application range of PBAT.

Keywords : poly (butyleneadipate-co-terephthalate) ; pyridinedicarboxylic acid ; copolymerization modification ; biodegrad-

able plastics ; melt polycondensation
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Tab.1 Formulation and naming of copolyesters

Samples Mo Pcoom  Merea) Miany 71,5 /M0l
PBAT 1.4:1 5:5 0
PBDAT-0.02 1.4:1 5:5 0.02
PBDAT-0.04 1.4:1 5:5 0.04
PBDAT-0.06 1.4:1 5:5 0.06
PBDAT-0.08 1.4:1 5:5 0.08
PBDAT-0.10 1.4:1 5:5 0.10
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Tab. 2 Specific proportions of monomers in copolyesters

Samples Mo * M—coon) Merea) Mian)
PBAT 1:1 5.10:4.90
PBDAT-0.02 1:1 5.10:4.90
PBDAT-0.04 1:1 5.08:4.92
PBDAT-0.06 1:1 4.95:5.05
PBDAT-0.08 1:1 4.98:5.02
PBDAT-0.10 1:1 4.98:5.02
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Fig. 4 XRD spectra of PBAT and PBDAT copolyesters
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Tab.3 [#] and M, of copolyesters

Samples [n)/(dL-g™") M /(g-mol ")
PBAT 0.752 21 584
PBDAT-0.02 0.982 29 886
PBDAT-0.04 0.983 29923
PBDAT-0.06 0.943 28 445
PBDAT-0.08 0.836 24 559
PBDAT-0.10 0.771 22251

Notes: [n] is intrinsic viscosity, M, is viscosity-average molecular

weight.
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Fig.5 Rheological behavior of PBAT and PBDAT copolyesters at 160 °C
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Tab.5 Characteristic decomposition temperatures of PBAT and

PBDAT copolyesters
Samples T,,°C T, ./°C  Residue at 600 °C/%
PBAT 370.56 407.12 3.85
PBDAT-0.02 375.84 409.62 6.51
PBDAT-0.04 374.83 409.52 6.59
PBDAT-0.06 376.18 409.24 5.56
PBDAT-0.08 374.76 408.82 5.72
PBDAT-0.10 375.58 410.04 5.78

Notes: T, ; is decomposition temperature of 5% of weight loss;
T

d, max
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is temperature of maximum decomposition rate.

25 11400

411200

411000
i 1800
L 1600

400

o3
(=}

—
W
o0

—_
S

Tensile strength/MPa
Elongation at break/%

W

1200

(=]

o

4y

»

P8
> Q%o

I\ o I\
o PS.W <09 <0
v

Q%OP\ Q‘ESOP‘ Q%O
Sample
18 PBAT Al PBDAT L L fE
Fig. 8 Tensile properties of PBAT and PBDAT copolyesters

LR B SRR A R . BifiE DA YN, PBDAT
(R ARG BE RCHT SRR 7E 20 MPa 2247 , Wi 2K R 1k
F]1000% L) | Horh PBDAT-0.02 (1 47 {1 0 JiF
5,155 21.45 MPa, 5% PBAT #4555 1 52.9%. PBDAT-
0.06 1 W 24K R f iy, IA 31 1 198.89%, # PBAT
PR T 30.27%.
2.9 Akt

TE G 7 B 85 3% FPAFSE T PBDT HI PBDAT (1 [
fif R, RS WAET, 14,21 d A28 d 1Y JiT
TR FORVAL AR B T, 45 R i 9 iR . 3t
RER AR AR B S PR R 43, 1 DA B A ek
AT JRASTREE ) ST 45, R R BRI 25 R AR
AR, T T X AR R i e 2 ) i 3]
Fis 5, (A5 A 00 2 W R v LU 2 5K, IH Ik
PBDAT Lt PBAT £ BRI RE Al 1 . 256 LR
B g 4% S B I8, AT L% B, PBDAT 4% PBAT
25 S R, ELA5 & BRI, BV T DXl R L
R A e, R, 28 d R G SR A RS g HE R

R A 1) 2R 1ETE S5 SEM AR G738 IE .

N
oY
S

10 —=—PBAT
PBDAT-0.02
PBDAT-0.04
8r PBDAT-0.06
. PBDAT-0.08
S 6L PBDAT-0.10
17
2
g
S 4r
2 .
pe 1 1 1 |
0 7 14 21 28
Time/d

[€19  PBAT I PBDAT 32 fii i B ife ek it o ) Jo A5 i 2
Fig. 9 Mass loss curves of PBAT and PBDAT copolyesters during the

enzymatic digestion process



56 TR

2025 4E, %5 53 4,45 8 1

[ 10 24 PBAT 5 PBDAT H: B ik 4 if 5 1) 22 1H
JESLSEM B, M 10 i LLE Y, 75 28 d J5 HL R ik
FEU I BN [ R ) M. Hob PBAT 5
PBDAT-0.08 ¢ [ #HL K& Jf i B LA ; PBDAT-0.02 5
PBDAT-0.04 % [fii tH 1 K f& JF %¢ ; PBDAT-0.06 5
PBDAT-0.10 FR [ 2 I ZLRHRESIE . ZEAH R 1E

RO 2 T SRR R K 3 B A A R
I o [RIES, AL ER R R Ay K I 2 ik — 2D
7J<ﬁ}%ﬂ’3 N X sk — 20 N AR A 58

“101um

, :\r«:;,

\ 10'/um e ‘} 10 pm

(c) PBDAT-0.04

10 pm & " \ 10 pm

o=

(e) PBDAT-0.08 (f) PBDAT-0.10
10 PBAT FIPBDAT L3R a7 B K4 f# 5 (28 )Y SEM it
Fig. 10 SEM photos of PBAT and PBDAT copolyesters after
(28 d) enzymatic degradation
3 it
()R FH—5 ik, LTl 45 T DA 2t PBAT 1)
L J fis PBDAT. FTIR fil'H NMR 43 # 4% 5 31F B
PBDAT 2 g 1) s 2 il 45
(2) PBDAT 2 5 i 1) 45 /& 0 43 32 22 fi TPA o1
ik, HAL SRR A AR R A s
(3) DA [\ /il Al PBDAT IR 1 T, T, S P
REARS T ka4 i X 7,7 i 3 52 m . e TG ih
LRl 1, DA B INAAE T, 5, T, .. A1 600 °CHE& 7% R Tt
L, — AR B4R TR R AR E T
(4) DA B HAA# PBDAT (7 i 1 i 5 b 5L
KA E . Hirh PBDAT-0.02 B8 B 5 5 L 3k

] 21.45 MPa, % PBAT $2 & I 52.9%; PBDAT-0.06
(1 T SRR R R 0 5, IR H) 1 198.89%, 8 PBAT 42 15
130.27%:

(5) DA B935S 7-45 T JosE T XIS R fili e

fifp i B T H S B P, TR T PBDAT LSRR A I

S %

(1] SKEP, SR mAAOF A T i SRH Tl & SR B A7 AE 7]
SN]SR, 2025 ,39(4):75-83.

ZHANG Liping, XIE Tong, GAO Yongping. Development situa-
tion, problems and suggestions of biodegradable plastic industry[J].
China Plastics,2025,39(4):75-83.

(2] WSS, XBKEAL, Tk, 45 . — DR ) e 4 o LA 95 0 i 5 ik
H:CN119752137A[P]. 2025-04-04.

HU Xiangyi, LIU Qiuhong, BIN Bin, et al. A fresh-keeping packag-
ing bag and its preparation method and application: CN119752137A
[P]. 2025-04-04.

[3] M — e oy 380 T A i S B HL ) 45 7 5 : CNT18930919A
[P]. 2024-11-12.

GAO Yiming. High-strength degradable mulching film and prepara-
tion method thereof:CN118930919A[P]. 2024-11-12.

[4] ARHENE, REH, AV, 55 TR A 4 B T AL S 58 o 6 77 vk
KL : CN115304892A[P]. 2022-11-08.

YU Jiefeng, ZHANG Yang, SHI Changjiang, et al. Degradable bio-
based medical cast film as well as preparation method and applica-
tion thereof: CN115304892A([P]. 2022-11-08.

[5] NIUDY,XUPW,LIJ X, et al. Drawing temperature-dependent
mechanical properties of poly(glycolic acid)/poly(butylene adipate-
co-terephthalate) films[J]. Macromolecules, 2022, 55(23): 10 543 —
10 555.

[6] FERNANDES M, SALVADOR A F, VICENTE A A. Biodegrada-
tion of PHB/PBAT films and isolation of novel PBAT biodegraders
from soil microbiomes[J]. Chemosphere,2024,362. DOI:10.1016/j.
chemosphere.2024.142696.

[71 BOTTA L, TITONE V, TERESI R, et al. Biocomposite PBAT/
lignin blown films with enhanced photo-stability[J]. International
Journal of Biological Macromolecules,2022,217:161-170.

[8] ATl , Btk , SPAmas , 55 . PBAT B s b: AR5 k(1. B RL
Bl4L,2024,52(3):111-115.

HE Xiaofeng, NIE Guangzhi, GUO Fugiang, et al. Research prog-
ress of PBAT enhancement modification[J]. Plastics Science and
Technology,2024,52(3):111-115.

[9] BBRZE, o0, MAHLI, 45 1,4-RC % — B ERBCME PBAT L5
AR A BB T RE[I]. T REE RN FH , 2024, 52(1):44-50.

GE Tiejun, WANG Meiyuan, SHANG Zuming, et al. Synthesis and
properties of 1,4-cyclohexanedimethanol modified PBAT copolyes-
ter[J]. Engineering Plastics Application,2024,52(1):44-50.



Ay, 55 2 2, 6-ILIE —JRARUCTE PBAT HESR IR A 45 L Ph g 57

[10]

(1]

[12]

[13]

[14]

[15]

[16]

B, 5Kk 47 1, 4- B e — WY R T PBAT 5 I 14 5 W M 1 ik
[7]. #8%},2023,52(3):161-165,171.

GE Tijun, ZHANG Yang. Synthesis and properties of 1, 4-cyclo-
hexanedicarboxylic PBAT copolyesters[J]. Plastics, 2023, 52(3):
161-165,171.

FEI Z X, SUN J R, CUI C, et al. Highly enhanced mechanical
strength and toughness of biodegradable PBAT plastics through a
biobased multiple hydrogen bonding strategy[J]. Macromolecules,
2024,57(15):7 043-7 051.

BUR R OR TIPRR-C TR T R S A B LR B AT
[D]. it . RiEHE T K2 ,2024.

LI Jichen. Research on the branching and copolymerization modi-
fication of poly(terephthalic acid) -butylene adipate[D]. Dalian:
Dalian University of Technology,2024.

T BB SR XA R -5 R T R A A B M RE B A
[D]. KJit: rhbR24,2023.

FENG Yu. Synthesis and performance study of high barrier poly
(terephthalic acid)-butylene succinate[D]. Taiyuan: North Univer-
sity of China, 2023.

B RN SR 2R PBAT DR S LR RERTSE[D]. 191«
PO TR, 2023.

LI Xianyong. Study on functional modification and properties of
biodegradable plastic PBAT[D]. Sichuan: Sichuan University of
Light and Chemical Engineering, 2023.

IMVR IR AR BE AR, A R T RE R R 5 C MR R 1Y
MOFs 45 SR RERT ST (], JE R TR 227 R (A AR B R ,
2016,43(4):7-12.

SUN Ran, HAN Chunying, LI Yanli, et al. A metal-organic frame-
work constructed with pyridine carboxylic and adipic acid:Synthe-
sis, structures, and properties[J]. Journal of Beijing University of
Chemical Technology (Natural Science Edition), 2016, 43(4):
7-12.

GAO X X,LIJJ,LI X X, et al. 2, 6-pyridinedicarboxylic acid
covalently bound polydopamine for enhanced tumor photothermal
therapy in NIR-I and NIR-II[J]. ACS Applied Materials & Inter-
faces,2025,17(24):35 205-35 220.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

W E B OGO PBAT 194 0 S 45 PEREFSE[D]. B AR
R ,2023.

YANG Ziyou. Synthesis and structural properties of diol-modified
PBAT[D]. Shanghai:Donghua University,2023.

A R AR IR X AR R —2% R T R PERERY
RMRD]. A5 FPbRe, 2022,

LI Zhimao. Effect of trihydroxy monomers on the properties of
poly(terephthalic acid) -butylene glycol sebacate[D]. Taiyuan:
North University of China,2022.

FENG Y,LI'Y C, ALMALKI A S A, et al. Synthesis and charac-
terization of poly(butanediol sebacate-butanediol) terephthalate
(PBSeT) reinforced by hydrogen bond containing amide group,
with good mechanical properties and improved water vapor barrier
[J]. Advanced Composites and Hybrid Materials, 2022, 5(3):
2 051-2 065.

LAI L, WANG S L, LI J X, et al. Stiffening, strengthening, and
toughening  of  biodegradable  poly(butylene  adipate-co-
terephthalate) with a low nanoinclusion usage[J]. Carbohydrate
Polymers,2020,247:116687. DOI:1016/j.carbpol.2020.116687.
HEIDARZADEH N, RAFIZADEH M, TAROMI F A, et al.
Biodegradability and biocompatibility of copoly(butylene
sebacate-co-terephthalate)s[J]. Polymer Degradation and Stability,
2017,135:18-30.

& HOG ARG . A FARLIM]. 3 AR JE 5T Al Tl AL
2007.

JIN Riguang, HUA Yougqing. (high) polymer physics[M]. 3rd ed.
Beijing:Chemical Industry Press,2007.

Y. PBT I s SRR AY ] 25 5 VEREDFE[D]. YL FH - DERH Tl
K,2018.

LI Ying. Crystallization of biodegradable and biobased polyesters:
Polymorphism, cocrystallization, and structure property relation-
ship[D]. Shenyang:Shenyang University of Technology,2018.
ZHENG Y, PAN P J. Crystallization of biodegradable and
biobased polyesters: Polymorphism, cocrystallization, and

structure-property relationship[J]. Progress in Polymer Science,

2020, 109. DOI:10.1016/j.progpolymsci.2020.101291.



