Sol-gel transition in biopolymer solutions

Roshan Akdar Mohamed Yunu¥incenzo RuzZi Marcus Koch P. Dieudonné-George
Luca Cipellettf, Domenico Truzzolille, Ralph H. Colbyand Daniele Parisi

Department of Chemical Engineering, Engineering and Technology institute Groningen, University of Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands
2l aboratoire Charles Coulomb (L2C), UMR 5221 CNRS Université de Montpellier, Montpellier, France

10 i /HLEQL] ,QVWLWXWH IRU 1HZ ODWHULDOV &DPSXV ' 6DDUEUFNHQ *HUPDOQ\
*'"HSDUWPHQW RI ODWHULDOV 6FLHQFH DQG (QJLQHHULQJ 3HQQ 6WDWH 8QLYHUVLW\

8QLYHUVLW\ 3DUN 3H(

Contact: r.a.mohamed.yunus@rug.nl Cellulose
T )
BACKGROUND
Polysaccharides like cellulose and agar are promising sustainable materials but face challenges in solubility and Agar
processing. lonic liquids (IL) such as EMImAc enable their molecular dissolution and open routes fo sol-gel transitions.
This study examines how polymer structure and water addition can tune intermolecular interactiorjs, allowing control
\over gel formation and mechanical properties. )
‘METHODOLOGY ) -
We studied the sol-gel transitions of native cellulose and agar in EMImAc induced by water addition. Linear shear IOEHI{/ICIPr?XcI;d Water
rheology quantified viscoelastic behavior and scaling laws. WAXS and Raman spectroscopy con:‘)i|rmed amorphous
gel formation, while photon correlation imaging revealed the diffusive gelation process. Linking polymer and water
content to rheology, we highlight distinct gelation mechanisms driven by intermolecular interactions and solvent
\_.exchange. J
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Fig. 1. Linear viscoelastic spectra showing sol—gel transitieig. 2. Plaeau modulus of cellulose/EMImAc as a
and gel strengthening of 2 wt.% cellulose/EMImAcfunction of water content, showing gel strengthening
upon increasing water content across different cellulose concentrations
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Fig. 3. Complex viscosity of 10 wt.% agar/EMImAc "
as a function of water content
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aman Spectroscopy
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Fig. 4. Raman spectra for a 2 wt.% cellulose/EMImACc solution at various water contents
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Fig. 7. Intensity profiles and displacement plot for
\_ 'LIIXVLRQ FRHITMHEHQW ; 9" gelation of 2 wt.% cellulose/EMImMAc

‘CONCLUSIONS )

yCellulose and agar in the same ionic liquid show distinct sol—gel transitions upon water addition.

yCellulose forms tunable, strong gels with modulus scaling beyond traditional crosslinked networks.
yAgar exhibits a non-monotonic viscosity response, indicating different gelation dynamics.
\ySmall solvent changes enable precise control of plant-based biopolymer rheology. -
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