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Fig. 1 (a) 'H-NMR spectra, (b) 3C-NMR spectra, (¢) FTIR spectra and (d) the appearance images of PBOC samples.
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Table 1 Molecular composition, molecular weights, and intrinsic viscosity [#] of PBOC samples.

Sample  Feed (DMO/DMC) (mol%)  Product (Mgo/Mgc) (mol%)  [5#] (dL/g) M, (x10* g/mol) PDI R
PBO 100/0 100/0 0.97 3.11 1.73 -
PBO,,C 90/10 88/12 1.52 3.58 1.89 1.03
PBOg,C 80/20 78/22 1.33 3.07 1.99 1.06
PBO,,C 70/30 66/34 1.33 3.32 1.97 1.06
PBO,C 60/40 54/46 1.32 3.46 1.86 1.00
PBC 0/100 0/100 1.75 4.54 1.72 -
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Fig. 2 'H-3C HMBC spectrum of PBOg,C.

NT ARSI PBOC 45K, K —4Ek%
Ti6F & 1 PBOgoC 5 M 3EAT RAE, 45 R an & 2.
HMBC it Et, 7E 5,=4.2~4.4 Fll §.=155~160 AL 11
{5 518R/RBO 5 BO Z ML MAFLE, 1M (0=
42~4.0, 5=150~155)H1(6,=4.1~4.3, 0=150~155)
Ak B 2Z X g ) 43 531 =T BA A J& 2 BC-BC A1 BO-BC
Z Ak 244, 18] PBOC 3L B 45 44  BO Al
BC#E B 531 J& T2 oL I 2324,

2.2 #MEREFNLE RiERE

K3 N PBOC Z&911 DSC ik, X wifr) &
APMERESHI T2 2. WE 3(a)FT LAA I PBC Al
PBO (1) fh At 555 5 (T, 73 531 4 56.8 #1102.2 °C,
MPBOC S W H A1 /T, MH, /T PBCH
PBO ) T,, 2 [0, I T, fEFE7E PBC #E B & & 1K
TN 328 A%, i B PBC F1 PBO % By K I N 52
4 H 452 T BC #.ot 5 BO HLonhE B M A AE

10% 3451 40% I, PBOC [ AH,,, H137.81 J/g [%
£16.96 J/g, XX, B 27.3% FEAK 2 22.3%,
HE— 3P UE S BCHE BV 51 N2 K K4 PBO 145
n2Sl —J7TH, AR 4h 5 FE BCBE B 51 K B IR
PBO {5 AR AL EE 1, 6] T PBO B 45 i 5
771, BCH MM/ 7 PBOC gk dh X
BB, K T PBOC 45 i M g6, ] 3(c)
S5 E—INAMFE L, PBOsC I
R, SRV AH,, B BC £ & 1386 n s %
ik, #E—2D UL PBC 85 B 5] N4 7 3 f 44
IS K. it — AR5 PBC M PBO#E B 2
E/E A, K FOX 7R (R 11D)) % PBOC
17,5 BOFE B & 2 A E RIAT TS, 3k
5 R 3(d). B 3(d) A LRI, FOX 7 fE
PEF BN T, 5 L5 E v R v &, 1B
7E PBOC 3L 4 BC % Be fll BO i B & BEHL T
JPorAn, RN TEA HARRT
1 Wyso

Ty

WW,BC (1 1)

Togo  Tenc



(a) 15t heating (b) 15t cooling
'/
7 PBO PBO
'/
Y PBOg,C . P PBOy,C
ES 7/ 2 7
&g y PBOg,C g g‘ . PBOg,C
= 2 7 gy \\ﬁ
ﬁ 0 '/,/ PBO,,C ﬁ 53] ’/ PBO,,C
,/
v PBOgC PBO,,C
'/
/
s PBC PBC
40 60 80 100 120 140 0 20 40 60 80 100
Temperture (°C) Temperture (°C)
- -15
(c) 2nd heating T, (d)
,/ [ ]
/
T, { PBO -0l
! [ ]
[ ]
ES —
=3 © -ast
<
& A PBO,,C =’
, /’ PBO,,C -30}
f
/ PBC
5 A———
-35¢. . . . . .
=30 0 30 60 90 120 150 0 20 40 60 80 100
Temperature (°C) BO (%)

Fig. 3 DSC curves of (a) the first heating scan, (b) the cooling scan, (c) the second heating scan of PBOC copolymer; (d) The
relationship between T, and BO weight fraction in PBOxC.

Table 2 Thermal properties and crystallinity of PBOC.
Sample T, (°C)  AH,, (J/g)  T.(°C)  AH.(J/g) T,(°C) T, (°C) AHyp (J/g) X (%) Tysy (°C)  Tymax (°C)

PBO 110.2 40.09 65.5 51.55 -16.4  106.7 38.83 28.9 287.6 3325
PBO,,C 102.2 37.81 60.5 35.05 -17.3  100.4 36.78 27.3 294.8 339.1
PBOg,C 101.5 22.48 58.2 27.44 -17.9 98.9 19.63 26.4 300.4 3333
PBO,,C 98.5 20.48 31.5 20.52 -20.8 89.1 19.07 24.6 301.1 334.6
13PBO4,C  70.7 16.96 - - -21.8 - - 22.3 302.2 336.8

PBC 56.8 26.8 - - -33.8 - - 20.1 270.6 323.3
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Fig. 5 Relative crystallinity versus crystallization time during non-isothermal crystallization of PBOC samples.
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Fig. 6 Avrami plots of PBOC samples.

Table 3  The kinetics parameters of Non-isothermal
crystallization.
Sample £ (°C/min) n k (min®) t,, (min)
PBO 5 3.0 0.62 1.04
10 32 0.95 0.91
15 3.0 1.80 0.73
20 29 242 0.65
PBO,,C 5 3.7 0.18 1.45
10 32 0.24 1.06
15 32 0.23 0.89
20 32 0.80 0.96
PBOg,C 5 2.8 0.23 1.48
10 34 0.37 1.21
15 3.1 0.47 1.14
20 2.6 0.78 0.96
PBO,,C 5 2.7 0.14 1.79
10 2.3 0.40 1.27
15 2.7 0.44 1.18
20 29 0.68 1.01
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Fig. 9 (a) The strain-stress curves of PBOC and (b) the
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Table 4 Mechanical properties and barrier properties of PBOC samples.

Mechanical properties Barrier properties
Sample Tensile strength ~ Elongation at Elastic modulus ¢ (um) OTR * Op® WVTR:  WVpd
(MPa) break (%) (MPa)

PBO 63+3 510£12 233+3 472 10.88 0.59 11.13 1.02
PBOy,C 50+3 550+17 163+5 450 13.15 0.68 9.54 1.22
PBOg,C 48+2 600+14 12843 444 15.32 0.78 14.32 1.41
PBO,,C 28+4 710+£22 59+3 468 19.15 1.04 17.50 1.50
PBO,C 2443 760+16 49+6 452 28.62 1.50 25.46 2.55

PBC 2543 580+10 136+5 439 37.72 1.82 16.39 1.46

@ Oxygen transmission rate (OTR) [cm?*-mm/(m?-d-0.1 MPa)]; ® Oxygen permeability (OP) [107!4-cm?-cm/(cm?-s-Pa)]; ¢ Water
vapor transmission rate (WVTR) [g/(m?-24 h)]; ¢ Water vapor permeability (WVP) [10714-g-cm/(cm?-s-Pa)].
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Synthesis and Properties of Fully Biodegradable Poly(butylene oxalate-co-
butylene carbonate)
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Abstract Using dimethyl oxalate (DMO), dimethyl carbonate (DMC), and 1,4-butanediol (BDO) as raw materials,
a series of high-molecular-weight poly(butylene oxalate-co-butylene carbonate) (PBOC) were successfully
synthesized via a two-step transesterification polycondensation method, the effect of the butylene carbonate (BC)
segment content on the structure and properties of PBOC was investigated. It was found that PBOC was a random
copolymer of BC and poly(butylene oxalate) (PBO), exhibiting a single glass transition temperature (7,), which
decreased with increasing BC content. The introduction of BC segments would disrupt the regularity of the PBO
molecular chains, significantly inhibiting the crystallization ability of PBO, and the melting temperature,
crystallinity, and crystallization rate of PBOC all decreased with increasing BC content. The mechanical
properties, barrier properties, and degradation performance of PBOC could be effectively controlled by adjusting
the BC content. When the BO content is 80%, the obtained PBOg,C achieved a tensile strength of 48 MPa and an
elongation at break of 600%. Taking the permeability coefficient of commercial poly(butylene succinate-co-
terephthalate ) (PBST) as a reference, the barrier improvement factors of PBOg,C for O, and H,O, BIFp (O,) and
BIFp (H,0), are 6.4 and 5.2, respectively, much higher than those of other commercial copolyesters. This study
provides a valuable reference for the research and development of high-performance biodegradable materials.
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