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Fig. 1 Diagram of wet spinning setup and photos of nascent and highly stretched PPC fiber.
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Table 1 Coagulation rates of PPC fiber in different solvents
with coagulation baths.

Table 2 Ultimate elongation of PPC fiber at different
temperatures.

Solvent/coagulation bath Coagulation rate T(°C) Elongation at break (%)
TCM/EtOH ++ 25 250
DMF:TCM ¥EtOH ++ 30 1300
DMF:TCM */H,0 35 5500
ACN/EtOH 40 76500
ACN/H,0 45 102000
THF/H,O 50 4600
DMEF/H,0 +++
*Solvent is the mixture of DMF and TCM, Vpyp: Vo= 1:1. 2001 () 45 °C-400 times £72929 MPy
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Fig. 2 Typical tensile stress curves of PPC single fibers.
(a) Samples obtained at 45 °C with the stretching multiples
of 40, 200 and 400 times; (b) Samples obtained at 35, 45
and 50 °C by the stretching multiple of 40 times.
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Table 3 Typical tensile stress data of PPC single fibers.

Temperature-times of stretch Tensile strength (MPa) Elongation at break (%) Young’s modulus (GPa)
35 °C-40 times 30.7 94.9 0.99
45 °C-40 times 92.7 162.5 1.00
50 °C-40 times 25.7 70.5 2.03
45 °C-200 times 137.7 127.9 1.77
45 °C-400 times 201.9 36.4 2.93
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Fig. 3 DSC curves of nascent and stretched PPC fibers,
AH stands for enthalpy. (a) Samples obtained at 40, 45 and
50 °C by the stretching multiple of 40 times; (b) Samples
obtained at 45 °C with the stretching multiples of 40, 200
and 400 times.
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Fig. 4 Characterizations of PPC fiber: (a) ID WAXS curves of 45 °C-400 times; POM images of (b) 45 °C-400 times and

(c) 45 °C-600 times; (d) SAXS pattern of 45 °C-400 times.

Fig. 5 SEM images of PPC fiber: (a, b) 35 °C-40 times, (c, d) 45 °C-40 times, (e, f) 50 °C-40 times.
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Research Article

Preparation and Mechanical Properties of Poly(propylene carbonate) Fiber

Qing-lei Yu!?3, Yu-jing Zhang'3, Zhen Xu?3, Cheng-jian Zhang'3*, Xing-hong Zhang'-3"
('State Key Laboratory of Biobased Transportation Fuel Technology, >MOE Key Laboratory of Macromolecular
Synthesis and Functionalization, 3Department of Polymer Science and Engineering,

Zhejiang University, Hangzhou 310058)

Abstract Poly(propylene carbonate) (PPC) is a biodegradable polymer that can be produced by alternating
copolymerization of carbon dioxide (CO,) and propylene oxide (PO). It is a typical amorphous polymer with the
glass transition temperature of 30-40 °C, and thus is considered to be difficult to spin. The research on the
preparation and properties of neat PPC fiber is rare. In this study, we prepared PPC filaments by wet spinning
method, and the spinning solvent and coagulation bath were selected as N, N-dimethylformamide (DMF) and water,
respectively. The uniform PPC/DMF solution was transferred to the syringe and then extruded at the speed of
160 pL/min, passing through a 4 m long water coagulation bath. The obtained PPC nascent fiber (no further
stretching) was collected on a wire collector and vacuum dried to constant weight at room temperature. The dried
PPC nascent fibers are clamped on a high-precision fiber stretching machine and stretched at a certain speed in a
water bath at set temperatures (e. g. 45 °C) to obtain PPC filaments with different stretching multiples. The
orientation, thermal properties and mechanical properties of PPC filaments were studied by changing post-
treatment drafting times and temperatures. 7, values of the PPC filaments achieved 31.6 °C, increased by about 2 °C
after stretching. The maximum stretching limit of PPC filaments can reach 1020 times of PPC nascent fiber;
generally, it can be stretched about 600 times, and the diameter of the resulting PPC filaments is about 10 pm.
The tensile strength of PPC filaments stretched 400 times at 45 °C at room temperature can reach 201.9 MPa,
which is 20 times that of PPC sheet, 87 times that of PPC/polybutylene succinic acid (PBS) composite fiber
membrane, 9.2 times that of PPC/poly(3-hydroxybutyrate) (PHB) composite fiber, and 9.7 times that of PPC/
polylactic acid (PLA) composite fiber. The room temperature elastic modulus can reach 2.9 GPa, which is 4.1
times that of PPC sheet. The great improvement of its mechanical properties is attributed to a certain degree of
highly ordered structure formed by the high orientation of the fibers after stretching. The DSC heating curves
of PPC filaments showed an endothermic peak near 60 °C, similar to the melting of “crystallization” with very
small enthalpy changes (0.4 — 0.6 J/g), suggesting the formation of ordered aggregation structure, rather than
crystalline. In addition, the polarized optical microscope (POM), small-angle X-ray scattering (SAXS), wide-
angle X-ray scattering (WAXS) and scanning electron microscope (SEM) characterizations also supported
the formation of ordered aggregation structure in PPC filaments. This preliminary study shows the potential
application of PPC in fiber materials.
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