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Chitosan/silk peptide composites
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100 p

C5S5 after drying & conditioning @57%RH for 3 wks:

Tensile strength: 95.9 MPa (32 times)
Y’s modulus: 1855 MPa (580 times)
Toughness: 19.9 J/cm™3 (8.3 times)

Mechanical properties

Meng, L. et al. ACS Sustainable Chem. Eng. 2019, 7 (2), 2792-2802
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Chitosan/carboxymethyl cellulose/clay

Conditioning @57%RH
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Dimensional and weight changes

Chen, P. et al. Compos. Sci. Technol. 2020, 189, 108031
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Starch processing



Aqueous Ionic liguid—assisted starch processing at moderate conditions
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Tan, X. et al. Phys. Chem. Chem. Phys. 2016, 18 (39), 27584-27593; Mateyawa, S. et al. Carbohydr. Polym. 2013, 94 (1), 520-530; Zhang, B. et al. ACS Sustainable Chem. Eng. 2017, 5
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https://doi.org/10.1039/C6CP04426C
https://doi.org/10.1016/j.carbpol.2013.01.024
http://doi.org/10.1021/acssuschemeng.7b00784
http://doi.org/10.1021/acssuschemeng.7b00788

Starch

OH OH OH

a(1—4) linkage

a(1—4) linkage
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Aqueous metal chloride salt—assisted starch processing at moderate conditions

*  G80: a high-amylose starch .
50 °C for 4 h; 2% starch conc. Native G80
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Li, Y. et al. ACS Sustainable Chem. Eng. 2020, 8 (12), 4838-4847
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Aqueous metal chloride salt—assisted starch processing at moderate conditions

»

G80 high-amylose
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Conditioning at
fixed RH (33%,
57%, 85%)

Starch-based film
MC: ~36%, 42%, 55%

Liu, P. et al. ACS Sustainable Chem. Eng. 2020, 8 (51), 19117-19128

Starch/CacCl, mass ratio:

Resistivity / Q-m

10

33% RH D 30,
1 57% RH
859% RH vo
1 % | |
iR t <
2.8
. ‘} =
c
I o
5
O 274
2.6 4
T T T T T T T 25 T T T T T T T 1
2.5/2.0 2.5/2.2 25125 2.512.8 2.5/3.1 0 10 20 30 40 50 60 70

Ratio of G80 starch versus CaCl,
Electrical resistivity

Time /s

Finger bending

Starch/CacCl, film with ionic conductivity and strain-responsiveness
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https://doi.org/10.1021/acssuschemeng.0c07473

Starch/CacCl, Starch/MgCl, Starch/ZnCl,

Liu, P. et al. ACS Sustainable Chem. Eng. 2020, 8 (51), 19117-19128
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Starch/CacCl, films — Structure and properties
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Plasticised starch-based hydrogel as flexible sensor
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Ma, C. et al. ACS Sustainable Chem. Eng. 2022, 10 (20), 6724-6735
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Plasticised starch-based hydrogel
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Ma, C. et al. ACS Sustainable Chem. Eng. 2022, 10 (20), 6724-6735
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Starch-based hydrogel as battery (Zn-H,)
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Ma, C. et al. ACS Sustainable Chem. Eng. 2022, 10 (20), 6724-6735
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Starch-based hydrogel as battery

Fe-Cu Starch/CacCl,/Fe + Starch/CaCl,/CuCl,/Cu 0.65
b) Sn-Cu Starch/CacCl,/Sn + Starch/CaCl,/CuCl,/Cu 0.30
C) Zn-H, Starch/CaCl,/Zn + Starch/CaCl,/Cu 0.47
d) Zn-H, Starch/CaCl,/Zn + copper sheet 0.59

Ma, C. et al. ACS Sustainable Chem. Eng. 2022, 10 (20), 6724-6735

Presentation by Fengwei Xie at PPC 2022, Brisbane, Australia


https://doi.org/10.1021/acssuschemeng.2c00872

Starch-based hydrogel as battery (Zn-Cu)

Different strains and
stresses of
compression

Starch/CacCl,/Zn + Starch/CaCl,/CuCl,/Cu

Repeated
compression

Proposed
mechanism

Ma, C. et al. ACS Sustainable Chem. Eng. 2022, 10 (20), 6724-6735
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Starch-based self-powered sensor

Upper layer: St/Zn hydrogel St/CuCl,/Cu
St/zn Carbon cloth
Folding
Carbon cloth
v -
Lower layer: St/CuCl,/Cu hydrogel
Bending Twisting Sensor

Zn-Cu battery + carbon cloth

Compression sensitivity Different stresses
of compression

Sensing performance

Repeated compression

Ma, C. et al. ACS Sustainable Chem. Eng. 2022, 10 (20), 6724-6735
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Summary

» Starch-based hydrogels and flexible electronics

» Metal chloride salt (ZnCl,, MgCl, and CacCl,) solutions can
effectively gelate or dissolve high-amylose starch

» Facile preparation of flexible, reprocessable, ionically
conductive, and strain-responsive starch-based hydrogels,
with CacCl,

» Galvanic cell-type Zn-Cu battery showing flexibility and
pressure-sensitivity

» Self-powered flexible sensor for detecting human activities
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