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Abstract: Cellulose is a natural polymer with excellent mechanical properties, but its application is limited due to
the very poor solubility and non-melting characteristics. Over the past 100 years. scientists have been continu-
ously concentrating on the basic theories and processing methods of cellulose, and they have made significant
progress in the construction of green cellulose dissolution systems and the analysis of dissolution mechanisms.
However, there is still a lack of substantial breakthroughs on the thermoplastic processing of cellulose. The
study of dynamic thermal analysis is an important method for investigating the glass transition and secondary
transition behaviors of cellulose. and it is also an effective means to reveal the motion behavior of cellulose mac-
romolecular chains at different scales. It can provide useful clues for achieving direct thermoplastic processing of
cellulose. In this work, we briefly review the research advance in the glass transition behavior and thermal pro-
cessing of natural cellulose, aiming to provide a more comprehensive perspective for in-depth understanding of
the basic motion behavior of cellulose and to promote its large-scale application.
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Figure 1  The glass transition temperatures for collagen
(curve 1), elastin Ccurve 2), cellulose (curve 3), and poly-
amide 6 (curve 4) as a function of water content (Reprin-

ted with permission from Ref. [23]; Copyright 1981
Springer Nature)
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Figure 2 Heat flow curves of cellulose with 7 wt% wa-
ter content in 1% to 3™ heating scans (Reprinted with

permission from Ref. [24]; Copyright 2008 Springer

Nature)
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Figure 3 First, second DSC cooling and first heating
curves (dotted line) of cellulose with 5.3 wt% water
content (Reprinted with permission from Ref. [24];

Copyright 2008 Springer Nature)
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Figure 4 DSC curves of cellulose for successive scans

(a) and annealed at 60 °C for different time (b) (Re-

printed with permission from Ref. [25]; Copyright
2011 TIOP Publishing)
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Figure 5 tand curves of water containing celluloses

(Reprinted with permission from Ref. [26]; Copy-
right 2010 Springer Nature)
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Figure 6 Step-scan DSC (a) and tand curves (b) of re-
generated and stretched cellulose films (Reprinted with
permission from Ref. [27]; Copyright 2013 John Wiley

and Sons)
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Figure 7 Phase diagram of ionic liquid plasticized

cellulose (ICP) (Reprinted with permission from

Ref. [32]; Copyright 2015 Springer Nature)
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Figure 8 Novel laser mechanical device and the pro-
cessed cellulose disk ( Reprinted with permission

from Ref. [37]; Copyright 2005 Springer Nature)
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Figure 9 Back pressure-equal channel angular processing (BP-ECAP) equipment and SEM images of cellulose

powder (a), fracture surfaces of celluloses before passing the shear plane (b), after passing the shear plane at

150 ‘C, without prior-milling (¢ and d), and with prior-milling (e and f) (Reprinted with permission from Ref.

[38]; Copyright 2012 Elsevier)
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Figure 10 Bioplastic prepared by hot-compressing cellulose hydrogel (Reprinted with permission from Ref. [39];

Copyright 2013 The Royal Society of Chemistry)
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Figure 11

(a) Thermal compressed dog-bone all-cellulose specimen and (b) its heterogeneous

structure (Reprinted with permission from Ref. [40]; Copyright 2019 Springer Nature)
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