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Reinforcing the wet strength of paper by CNFs/refiner-treated pulp and Na
OH treatment
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Paper is an environmentally friendly, renewable material and is often used in our daily life.
Usually, the strength of paper is about 40 MPa in dry sate. When the paper becomes wet, its
strength is about 1 MPa, which limits the application of paper in daily life. The objective of
this thesis was to develop high-wet strength paper by simple and eco-friendly methods.
In Chapter 1, traditional ways to improve the wet strength of paper was summarized. Then, the
reinforcing potential of cellulose nanofibers (CNFs) for the wet strength of the paper was
highlighted.
In Chapter 2, fine CNFs were first produced by grinding method, and then they were added to
pulp to make paper sheets. Young’s modulus and tensile strength in the dry and wet states
were measured and compared. In the dry state, the Young’s modulus increased with the
increase of CNF addition (10-100%). However, the dry specific Young’s modulus was
constant for all CNF additions. The tensile strength increased as the CNF addition increased to
70%, and there was no further improvement when the CNF addition was greater than 70%. In
the wet state, although the Young’s modulus decreased when the CNF addition was greater
than 20%, the wet tensile strength of the sheets increased almost linearly with increasing CNF
addition up to 50%, followed by a slight decline. The maximum wet strength retention reached
nearly 10% with 40% CNF addition.
In Chapter 3, a method of combining CNFs and NaOH treatment was tried. Grinder treated
CNFs were added to the pulp in varying amounts (20-100%), and the resulting dried sheets
were treated with 8 wt% and 16 wt% NaOH. When only CNFs were added in pulp, the sheet
exhibited a wet tensile strength of 10.3 MPa. In contrast, when NaOH treatments were
combined, the maximum wet tensile strength reached 23.1 MPa (8 wt% NaOH) and 22.1 MPa
(16 wt% NaOH) at 60% CNF, 26 and 24 times higher than that of sheet without CNFs and
NaOH treatments (0.87 MPa), respectively. Two hypotheses to explain the improved wet
strength by CNFs and NaOH treatment were proposed. One is the mercerization mechanism,
so-called interdigitation, and the other is hornification that probably occurred among CNFs and
pulp fibers.
In Chapter 4, the co-reinforcing effect of refiner treatment of the pulp and NaOH treatment on
the wet strength of paper was examined. The refiner treatment and NaOH treatment improved
the paper wet strength to 45 MPa, which was higher than that obtained by the CNFs and NaOH
treatment and comparable to the dry strength of an unrefined pulp sheet without NaOH
treatment. Moreover, the refiner-treated pulp suspension was dewatered considerably faster
than the CNF-added pulp. And the reinforced paper by refiner-treated pulp and NaOH
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treatment can keep high wet strength even after a long soaking time at room temperature and
also have good durability in hot water. These results demonstrated that refiner-treated pulp is
more suitable than CNF-mixed pulp for improving the wet tensile strength of paper from
commercial view point.
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