N "l. #
i At

STHE L TAPRI =0I= Internatior sonfere E orr -
4.'71,'[| B Nanotechnology for Renewable Materi
© DIVISION Chiba, Japan « 3 — 7 June 2019 Held in conjunction with the Nanocellulose

Novel double-networked cellulose based
shape memory polymer composites

AUTHORS:
Chenyang Cai, Zechang Wei, Xing Wang, Changtong Mei
and Yu Fu

PRESENTED BY:

Chenyang Cai

PHD student
College of Materials Science and Engineering
Nanjing Forestry University




Contents

1. Introduction
2. Background

3. Experiment

4. Conclusion

4 =% Nanjing Forestry University
% College of Materials Science and Engineering




1. Introduction
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2. Background and Purpose

How to solve

Poor mechanical properties these problems ?

SMPU  Low shape recovery capacity Approach: Polymer composites

» Carbon nanotubes
» Cellulose

» Chitin

» Clay

P it et al

Single thermal stimulus
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2. Background and Purpose

Carbohydrate Polymers,2016

ACS Appl. Mater. Interfaces 2018
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v Excellent mechanical properties@ g 20,
v" Surface active group =" " ﬂ
v Biodegradable | il SR RIS N/ " |
0 100 200 300 400 500 600 1 0 1 2 3 4 5 300

Strain (%) Strain, (%)

v" Low cost

Composites Science and Technology, 2014

sample E(MPa) 6, (MP2)  Omu (MP2) 1 c(%) |
STPU17 238867  103:08  265:23 | 762:42l
Idea reinforcement STPU17[CNC-0.25 2644 +56 109+08 24021 | 690+ 38)
STPUI7ICNC0.5 2727472 11307 193219 | 59139
SPUITICNGA75 2074367 125:09 173422 | 5512 24]
STPU17/CNC-1 3216483  141:10 157420 ' 430+20]
STPU17/CNC-2 3284112 15412 149419 1352420
Strength and modulus increase, toughness
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2. Background and Purpose

Rhodamine B

v Good stability

v Excellent optical
properties

v Low cost

v Quantum efficiency

Photochromic materia

J. Mater. Chem. C, 2017

ACS Sustainable Chem. Eng. 2017
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3. Experiment
3.1 Design multifunctional polyurethane composites
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GPS [
x A onie functionalize
[l — Green and facile approach
Mixing
MCC

v,;omaﬂon e
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f-MCC >\,\7§ L .
First network B A %

Second network

— — N
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Double network

%?\[ %}[ Strong and tough

SMPUs

anjing Forestry University
ollege of Materials Science and Engineering




3.2 Chemical structure of functionalized MCC
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3.2 Chemical structure of SMPUs
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» Xc of f-MRPUs decreased dramatically
» First network confirmed by NMR
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3.3 Chemical structure of Shape memory polyurethane composites
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» Strengthening hydrogen bonding was observed
» Second flexible network formed

The fractions of hydrogen
bonded C=0 (Xc=0) are given
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3.4 Multi-functionalities of SMPUs
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3.5 Shape memory property of SMPUs
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Table 2. Shape memory properties of neat PU and SMPUs from DMA

Sample Ra(%) Ri1(%) Ra(%) Re2(%) Ra3(%) R:3(%)

PU 97.7 83.7 97.3 83.4 97.9 82.7
MCC/PU 97.8 85.9 98.0 84.3 97.7 84.2
RhB/MCC/PU 97.9 86.4 98.0 85.6 98.1 85.1
f-MRPUs 98.8 91.4 98.6 90.3 98.7 90.1

» Rr of f-SMPUs increasing dramatically
» Double network improving shape memory ability
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3.6 Mechanical property of SMPUs
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Mechanical properties of neat PU and PU composites

P 3.0+0.2 25.9+2.6 2067.3+26.2 . . .
SCCIPU 14501 6 x93~ Simultaneous reinforcing and

RhB/MCC//PU 3.140.1 19.741.3 41324343 toughening in f-MRPUs
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3.7 Proposed mechanism of Double network
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Cai C, et al.. Journal of Materials Chemistry A, 2018, 6, 17457-17472.

» f-MCC formed rigid chemically crosslinked network
» RhB was responsive for flexible network
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4. Conclusion
» Develop a green approach for functionalization of MCC

» Novel double-networked microstructures were achieved by f-MCC ,
RhB and PU

» 2-fold and 3-fold increases in strength and strain-to-failure as well as

dramatically improved shape memory ability were achieved, when
compared with the unmodified PU.

» Under the external stimuli of UV light and heating, the SMPU

composites still showed outstanding photochromic properties and
color reversibility
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