Journal of Forest and Wood Products

University of Tehran

Online ISSN: 2383-0530
Home Page: https://jfwp.ut.ac.ir

Comparison of urea and thiourea performance in alkaline dissolution of recycled
fibers and investigation of dissolved cellulose properties

Shakiba Bagheri'

| Mehdi Rahmaninia?**’ | Rabi Behrooz?

1. Wood and Paper Science and Technology Department, Faculty of Natural Resources, Tarbiat Modares University, Noor, Iran.

Email: sh.bagheri20@ut.ac.ir

2. Corresponding Author, Wood and Paper Science and Technology Department, Faculty of Natural Resources, Tarbiat Modares University, Noor,
Iran. Email: rahmaninia@modares.ac.ir
3. Wood and Paper Science and Technology Department, Faculty of Natural Resources, Tarbiat Modares University, Noor, Iran.

Email: rabi.behrooz@modares.ac.ir

ARTICLE INFO

ABSTRACT

Article type:
Research Article

Article History:

Received: 04 August 2026
Revised: 02 August 2026
Accepted: 08 August 2026
Published online: 14 September
2026

Keywords:
Recycled fibers,
Cellulose dissolution,
Urea,

Thiourea,

Sodium hydroxide.

Introduction: With the increasing attention to sustainable development and renewable resources,
cellulose, as the most abundant natural polymer, is considered an ideal option for the production of
biocompatible products. However, its dissolution in common solvents is challenging due to the
extensive network of hydrogen bonds, and conventional methods are not sufficiently efficient due to
high costs or toxicity. In this regard, the aqueous alkaline solution of sodium hydroxide is known as
an inexpensive and biocompatible solvent, and previous studies have shown that the addition of urea
improves the performance of this alkaline system. It also appears that thiourea may be effective in
combination with alkali in the dissolution of cellulosic carbohydrates. On the other hand, recycled
fibers have attracted special attention as a valuable source of cellulose. Accordingly, the aim of the
present study was to optimize the alkaline dissolution of recycled printing and writing paper fibers
in aqueous urea/sodium hydroxide and thiourea/sodium hydroxide systems, and to investigate the
effects of process variables on dissolution efficiency, degree of polymerization, functional groups,
crystalline structure, and cellulose film morphology.

Method: Unprinted, edge-trimmed printing and writing papers were converted into pulp with 1.5%
consistency using a Valley Beater refiner. The fibers were first dissolved in a water/urea/sodium
hydroxide solvent with weight ratios of 91:2:7 and 89:4:7, at process temperatures of —10, 0, and +10
°C. In the second phase, the fibers were dissolved in an aqueous thiourea/sodium hydroxide system
with the aforementioned weight ratios at the temperature selected from the previous stage (—10 °C).
Additionally, the water/urea/thiourea/sodium hydroxide mixture with a weight ratio of 89:2:2:7 was
investigated at —10 °C. In all treatments, the solvent-to-fiber ratio was 100:1. After centrifugation,
the dissolution yield was determined gravimetrically. The degree of polymerization was measured
by viscometry, functional groups by FTIR, crystalline structure by XRD, and surface morphology by
FESEM. Cellulose films were prepared from a 1 wt% solution by neutralization with 5% H;SOs,,
washing with water and acetone, and drying at 70 °C.

Results: Increasing urea concentration from 2% to 4% increased the dissolution yield from 27.37%
to 37.22%, and —10 °C was identified as the optimal temperature. The 4% thiourea system exhibited
the highest dissolution (55.05%) and the highest degree of polymerization (624.3), while the
combined urea/thiourea system achieved 49.45% dissolution with DP = 556 and the lowest
crystallinity (8.65%). The urea and thiourea systems showed crystallinity values of 47.95% and
15.32%, respectively. Increasing the temperature to +10 °C in the urea-containing system reduced
the dissolution to 10.2%, while DP decreased from 490 to 376. FTIR spectra confirmed the
preservation of the chemical structure of cellulose and physical dissolution (no new bond formation),
and FESEM images confirmed the formation of a uniform and defect-free film surface.
Conclusion: The 4% thiourea system showed the best performance with the highest dissolution
(55.05%) and DP (624.3), but urea remains the preferred option due to its environmental
compatibility and higher crystallinity retention (47.95%). The combined urea/thiourea system, with
49.45% dissolution and DP = 556, exhibited the lowest crystallinity (8.65%), making it suitable for
applications requiring an amorphous structure. FTIR confirmed physical dissolution. All three
systems are competitive with the Lyocell method and hold great potential for producing
biodegradable films, textile fibers, hydrogels, water treatment membranes, and nanocellulose.
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