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Novel Solvent Systems for Cellulose Dissolution
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Cellulose, as the most abundant sustainable resource on earth, can be
chemically transformed into a variety of biodegradable materials, which
have been proposed as the ideal substitutes for plastic products. The first
challenge for the fabrication of cellulose-based functional materials is the
successful dissolution of cellulose by solvents. However, most existing
cellulose solvents have environmental, economic, and other drawbacks
that limit their further industrial applications. Research on developing novel
solvent systems with “greener” and “cheaper” properties is needed to meet
the challenges.
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The Urgent Need for Novel Solvent Systems

With increasing concerns related to non-degradable plastic waste, the development
of environmentally friendly materials from renewable biomass-based resources is
becoming increasingly attractive. Cellulose, as the most abundant and biodegradable
polymer, has been considered as an ideal material from which to prepare substitutes for
petroleum-based plastics. Once dissolved, cellulose can be fabricated into multiple
materials, such as cellulose fibers, films, hydrogels, aerogels, and composite materials,
which show great potential for applications in textiles, packaging, biomedical materials,
etc. (Tu et al. 2020). However, because of its strong intermolecular and intramolecular
network of hydrogen bonding, cellulose neither can be melted nor dissolved in most used
solvents, and this has limited its prospects for many applications.

There are a number of classical solvent systems for cellulose dissolution, such as
NaOH/CS: (viscose process), N-methylmorpholine-N-oxide (NMMO, Lyocell process),
LiCI/N, N-dimethylacetamide (DMAC), tetrabutylammonium fluoride/dimethyl sulfoxide
(TBAF/DMSO), and NaOH/urea, etc. These solvent systems have greatly promoted the
development of the cellulose chemical industry, although most of them suffer from various
drawbacks, such as instability, high toxicity, high cost, poor recyclability, harsh processing
conditions, and low solubility capability. For instance, in the viscose rayon procedure, the
use of the volatile and highly toxic CS2 may cause serious environmental problems. The
Lyocell process relying on NMMO solvent may trigger oxidative side reactions that lead
to difficult recovery and uncontrolled explosive reactions (Kuzmina et al. 2017).
Therefore, an ongoing search for environmentally friendly solvent systems that can be
efficiently recycled remains a key focus in terms of cellulose dissolving and processing.
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lonic Liquids (ILs) for Cellulose Dissolution

Various novel “green” solvent systems recently have become available for cellulose
dissolution. Among them, ILs as novel cellulose solvents have attracted considerable
attention as competitive candidates for industrial applications due to their attractive
properties, such as high thermal tolerance, chemical stability, and excellent dissolution
ability (Rieland et al. 2020). ILs, which consist combinations of different cations and
anions, were first reported as cellulose solvents by Swatloski et al. (2002). These novel
solvents for cellulose dissolution can mainly be divided into 3 groups: heterocyclic amines
(imidazolium, pyridinium, etc.), quaternary cations (ammonium- and phosphonium-based
cores), and superbases (DBNH, DBUH, etc.).

Imidazolium-based ionic liquids are the most used ILs to dissolve cellulose for
regenerating cellulose-based functional materials. For example, Zhang et al. (2005) found
that 1-allyl-3-methylimidazolium chloride (AmimCl) is a powerful solvent for cellulose
dissolution. After coagulating of cellulose/ILs solutions into water, regenerated cellulose
fibers or transparent films can be obtained. Superbase-derived ionic liquids as relatively
newly discovered ILs, have received increasing attention due to their favorable
combination of low cost and high ability to dissolve cellulose. Sixta and coworkers (2015)
focused on a superbase-derived IL of 1,5-diazabicyclo [4.3.0] non-5-enium acetate
(IDBNH][OACc]), which allowed the dissolution of cellulose and regeneration of the
cellulose as highly oriented fibres (called loncell-F), which have tenacity values higher
than those of commercial rayon and Lyocell fibers.

Although there are many advantages of ILs as cellulose solvents, their high cost,
high viscosity, and relatively high toxicity may restrict their further practical applications.
Improving the recyclability of ILs after cellulose processing is necessary to decrease the
production costs as well as the environmental impacts of ILs. The regenerating of cellulose
solution is usually processed with a large amount of water, which inevitably leads to large
volumes of low-concentration IL wastewater (less than 5 wt%). The most promising
method for separating ILs is to remove water from such waste aqueous solution. Several
commonly used methods for recycling ILs from waste aqueous solution have been
evaluated, such as liquid-liquid extraction, adsorption, distillation, electrodialysis,
crystallization, phase separation, and membrane-related methods (Sklavounos et al. 2016).
However, the concentration after recycling using most methods is not high enough (lower
than 90 wt%) to meet the requirements for further reusage. Although high concentrations
can be obtained by distillation-based methods, the process tends to require high energy
input. Moreover, most of the studies conducted on recycling process of ILs have been at
laboratory scale, and there has not been enough validation from industrial practice. The
recycling technologies still need to be improved for large-scale industrial production.

Deep Eutectic Solvents (DESs) for Cellulose Dissolution

The preparation of DESs involves mixing a hydrogen bond acceptor (HBA) and a
hydrogen bond donor (HBD). The strong ability of the DES to undergo hydrogen bond
interactions means that the mixture will have a much lower melting point than the starting
components. Compared with traditional solvents, DESs possess several superior properties,
including easiness in preparation, low cost, and relatively low toxicity (Wang et al. 2020).
The DESs can interact effectively with carbohydrates, thus leading to their dissolution.
Compared with ILs, DESs are more suitable as solvents for pretreatment processes than as
cellulose solvents owing to the relatively poor capability to dissolve cellulose. On the other
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hand, the study about cellulose dissolution and recycling process in DESs is still in its early
stages. DES systems suitable for cellulose processing need to be further explored and
optimized.

Future Opportunities

As novel solvent systems of cellulose, ILs and DESs have attracted considerable
attention as potential replacements for traditional solvents. However, the problems of costs,
toxicity, and recycling technology need to be well addressed before their further utilization,
in particular for the large-scale industrial applications. The following several directions
should be points for future research and development of solvent systems for cellulose
dissolution.

(I) Design and synthesis of new “greener” and “cheaper” cellulose solvents with
strong dissolving capability, stability, and ease of recycling should be a continuing focus.

(I1) Research is already under way to optimize the existing ILs and DESs systems.
For instance, the viscosity, dissolution temperature, and energy consumption can be
decreased by mixing ILs/ DESs with different co-solvents.

(IIT) Attention is needed to develop recycling techniques for various solvent
systems to decrease their cost in terms of energy and to increase their sustainability.
Integrated recycling procedure combining different recycling technologies should be
considered, because a single method can hardly address most problems.

(IV) The research of dissolving systems should be performed in parallel with the
studies on cellulose materials.
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