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Fig. 1 Synthesis roadmap of WPU.

Table 1 Experimental formulation for WPU with different hydrophilic chain extender contents.

Sample Hydrophilic chain extender contents (%) DMBA:BDO (molar ratio) Biobased content (%)
WPU-3 3 0.6 60.2
WPU-4 4 1.0 59.5
WPU-5 5 1.6 58.8
WPU-6 6 3.0 58.2
WPU-7 7 7.7 57.5
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Fig. 2 (a) Histogram of molecular weight and its distribution of WPU with different hydrophilic chain extender contents;

(b) Histogram of emulsion particle size, zeta potential and viscosity of WPU with different hydrophilic chain extender contents;

(c) Emulsion particle size distribution of WPU with different hydrophilic chain extender contents; (d) Actual images of WPU

with different hydrophilic chain extender contents. (The online version is colorful.)
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Fig. 3 (a) 'H-NMR spectra of various raw materials and WPU; (b) Infrared spectra of WPU with different hydrophilic chain

extender contents. (The online version is colorful.)
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Fig. 4 (a) Schematic diagram of hydrogen bonding interactions between carbamate and urea bonds in the hard segments. The
results of the —C=0 split peak fitting for (b) WPU-3, (c) WPU-4, (d) WPU-5, () WPU-6 and (f) WPU-7.

Table 2 Wavenumber (v) and relative areas (A) of the five components obtained from the carbonyl region curve fitting.

Sample Symmetric urea Asymmetric urea Free urea Urea content Hydrogen urethane Free urethane ppS

viem™) 4(%) viem) A(%) v(em™) 4 (%) (%) viem?) A4(%) v(eml) A (%) (%)
WPU-D3 1639 12.7 1670 11.3 1698 313 55.3 1716 21.3 1728 234 453
WPU-D4 1639 15.2 1671 11.0 1697  31.1 57.3 1715 19.2 1727 235 454
WPU-D5 1639 12.7 1671 12.0 1697 31.5 56.9 1715 23.6 1727  22.6 457
WPU-D6 1640 18.3 1672 11.5 1696 29.7 59.5 1714 23.0 1727 17.5 528
WPU-D7 1640 20.8 1673 11.3 1695  30.5 62.6 1713 20.1 1726 17.3 522
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Table 3 Results of mechanical properties of WPU with different hydrophilic chain extender contents.

100% 300%

Tensile . Young’s  Shore A .
Elongation at ~ Constant Constant Toughness  Pencil L
Sample strength . . modulus  hardness B Flexibility
break (%) elongation elongation (MJ-m™)  hardness
(MPa) (MPa) (HA)
stress (MPa) stress (MPa)
WPU-3  19.1 595 6.5 9.9 36.5 81 62.86 4H F7
WPU-4 274 548 6.8 11.9 40.9 83 69.54 4H F7
WPU-5  30.0 522 8.1 13.2 60.9 85 70.61 4H F7
WPU-6 419 522 8.5 16.0 63.2 87 89.55 4H F7
WPU-7 552 471 9.7 20.3 77.1 88 97.18 4H F7
IR BE R T B I 3% 2 = B 7%, WPU R hr {5 Lol
JE19.1 MPa &3 [ 552 MPa, Tl K4
M 595% FEARE T 471%, 100% 5 {8 N F1F1 300% s 90¢
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Fig. 8 Transmittance profiles of WPU with different hydrophilic

chain extender contents.
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Research Article

Structural Design and Property of High Strength and High Transparency
Bio-based Waterborne Polyurethane

Yao-wen Wu'!, Miao Gan!, Xiu-ying Zhao'?*, Shi-kai Hu'-*", Li-qun Zhang'-?
('Beijing Engineering Research Center of Advanced Elastomers; *State Key Laboratory of Organic-Inorganic
Composites, Beijing University of Chemical Technology, Beijing 100029)

Abstract Polyurethane coatings are widely used as a protective and decorative layer for various substrates.
However, the extensive use of solvent-based coatings can cause environmental pollution. Waterborne polyurethane
(WPU) coating possess the characteristics of low toxicity and VOC emission, which is an environmentally and
friendly coating, but the main raw material for WPU comes from unsustainable petroleum resources. Herein, a
series of WPU with biobased content of about 60% were synthesized by prepolymer method using biobased
polytrimethylether diol (PO3G). The structures and properties of WPU were systematically characterized, and the
effects of hydrophilic chain extender content on their properties were studied. The results showed that with the
increase of the hydrophilic chain extender content, the particle size of the emulsion and elongation at break
decreased, and the absolute value of Zeta potential, viscosity, degree of microphase separation, tensile strength and
Young’s modulus increased. The tensile strength, Young’s modulus, toughness of WPU-7 sample reached 55.2 MPa,
77.1 MPa, 97.18 MJI-m 3, respectively. The light transmittance of all the samples exceeds 89% in the visible
wavelength range. The materials are expected to be used as protective and decorative layer in microscope lenses
and other fields. This research provides new ideas for the design of biobased WPU with excellent performance
and reducing the dependence on petrochemical resources.

* Corresponding authors: Xiu-ying Zhao, E-mail: zhaoxy@mail.buct.edu.cn
Shi-kai Hu, E-mail: skhu@mail.buct.edu.cn
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