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A Recyclable and Biodegradable Polymer .
Poly ( P-Dioxanone )
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(National Engineering Laboratory of Eco-Friendly Polymeric Materials, College of Chemistry,
Sichuan University, Chengdu 610064, China)

Abstract: Poly(p-dioxanone) (PPDO) , a kind of aliphatic poly ( ester-ether) with good biodegradability, biocompati-
bilty and bioabsorbability, has been successfully used as biomaterials. Its excellent mechanical performance and unique
recyclability make it a promising candidate for replacing the existing disposable plastic products. Synthesis, crystalline
structures and properties of PPDO, especially the crystallization behavior, thermal stability and degradation, rheological
behavior and mechanical properties of PPDO, are reviewed. PPDO/clay nanocomposites and PPDO/starch blends are also

discussed.
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Table 1

Comparison of performances of different biodegradable aliphatic polyesters

Melting temperature Tensile strength

Elongation at break

Heat deflection Reference price

/C /MPa /% temperature/ C /x10* ¥

PPDO ~110 35 ~60 200 ~ 600 80 ~90 /

PLA ~180 ~60 ~6 ~50 ~2

PCL ~60 ~20 ~300 ~50 3~4

PBS ~120 ~40 ~400 ~80 2-3

PHBV 120 ~ 170 10 ~30 5~10 ~110 3-~5
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Fig. 1 Scheme of one-step synthetic route of PDO from diethylene glycol

N T A TR PPDO, Al i PR S R AR
SEBL, RVEHITHRR G M — 2 B Bk S HUR 5 R
P % o ARE B 2 19 07 1% IR T 40 8 PDO A
e AR TR B A R sl i PR R A i — 2k (LA 2)

1T PPDO XA TH A A ML R, IR AR
N SR ARG 7, PDO IR R A e — 1 Al
BB, i A B A BRI (235 °C) P, Ik, S

B2 JFRES PDO LA
Fig. 2 Sheme of ring-opening polymerization of PDO
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Fig. 3 Polarized optical micrographs for isothermally crystallized PPDO samples of the different average molecular weights at various temperature
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Fig. 4  Electron micrographs of poly( p-dioxanone) lamellar crystals
obtained by adding four volumes of butanol to a dilute formic
acid solution (1mg/mL) at40 “C(a) and 50 C(b): (a)
Lozenge lamella with spiral growths and noticeable striation,
a second spiral growth crystal can also be seen and (b) Irregu-
lar crystal with different screw dislocation overgrowths ( Note

that the small crystals tend to display a square morphology )
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Fig. 5 SEM images of PPDO/claies nano-coposite; (a) PPD0O/3% MMT, (b) PPDO/3% VMT, (c) PPDO/3% LAP, and

(d) PPDO/3% REC( The bright entities are the cross section of organoclay layers, and the dark areas are the matrices)
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Table 2 Effect of montmorillonite on mechanical
properties of PPDO

Elongation  Tensile strength
Samples [nl/dL - g~!

at break/% /MPa
PPDO 1.48 212 35.6
PPDO/1% MMT-Na 1.32 425 42.3
PPDO/3% MMT-Na 1.05 376 49.6
PPDO/5% MMT-Na 0.97 395 49.8
PPDO/1% MMT-1831 1.28 487 45.1
PPDO/3% MMT-1831 1. 07 435 54.3
PPDO/5% MMT-1831 0. 68 371 54.9
PPDO/1% MMT-OH 1.62 608 48.1
PPDO/3% MMT-OH 1. 10 448 56.1
PPDO/5% MMT-OH 1.04 570 57.2
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Fig. 6 SEM images: (a) PPDO/1% OSEP, (b) PPDO/3% OSEP, and (c¢) PPDO/5% OSEP( The bright entities are the cross

section of OSEP nanofibers, and the dark areas are PPDO matrices)
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Table 3 Biodegradability of PPDO/starch blends according
to ASTM D5338(w/% )

PPDO/Starch 3d 9d 15d 18 d 21d
95/5 2.0 19.9 34.8 67.4 ~90
90/10 2.6 30.4 56.8 ~90 -
80/20 4.5 44.6 62.9 ~90 -
70/30 4.0 54.0 74.6 ~90 -
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