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High-performance wood-based ﬁberboards with high strength and dimensional stability were fabricated by hot-pressing method
using 2,5-dimethoxy-2,5-dihydrofuran (DHF) cross-linked chitosan (CS) as an eco-friendly binder. The eﬀects of cross-linked
chitosan on the mechanical properties and dimensional stability of wood-based ﬁberboards were investigated. It is evident that
cross-linked chitosan addition was eﬀective in improving mechanical properties and dimensional stability of wood-based
ﬁberboards. The prepared wood-based ﬁberboard bonded by DHF cross-linked CS displayed optimum modulus of rupture
(MOR) of 42.1 MPa, modulus of elasticity (MOE) of 3986.0 MPa, internal bonding (IB) strength of 1.4 MPa, and thickness
swelling (TS) value of 16.3%. The improvement of physical and mechanical properties of wood-based ﬁberboards could be
attributed to the amide linkages and hydrogen bonds between wood ﬁbers and cross-linked chitosan. The high-performance
wood-based ﬁberboards fabricated in this study may be a promising candidate for eco-friendly wood-based composites.

1. Introduction
Wood-based ﬁberboard as a conventional composite has
been widely used for many applications in our daily life, for
instance, interior ﬂooring, home, and oﬃce furniture [1]. In
general, the mechanical strength of wood-based ﬁberboard
relies heavily on the use of adhesives. Formaldehyde-based
adhesives are most commonly used because of their good
adhesive performance and relatively low cost. However, the
release of free formaldehyde which poses a threat to human
health and living environment during manufacture and use
of wood-based ﬁberboard has attracted strong attention.
Meanwhile, nonrenewable and increasingly depleted petroleum resources are needed for formaldehyde production.
To resolve these issues, the traditional formaldehyde-based
adhesives have been gradually replaced by bio-based adhesives with renewability and environmental friendliness or
modiﬁed adhesives with formaldehyde scavengers. Further-

more, isocyanate adhesives without formaldehyde are also
good candidates for manufacturing environmentally friendly
ﬁberboards. Nevertheless, compared with the conventional
formaldehyde-based adhesives, the higher price also hinders
more extensive use of isocyanate adhesives for wood-based
panel manufacture. Therefore, there is an insistent demand
to develop a green fabrication process of ﬁberboards by using
eco-friendly and renewable adhesives.
Formaldehyde-free bio-based adhesives with renewability have been tried to fabricate ﬁberboard [2], for instance,
lignin and its derivatives derived from plants [3, 4], plant
protein derived from soy and wheat [5–7], nanocellulose [8,
9], and starch [10, 11]. Nevertheless, they have not been
widely used in ﬁberboard manufacturing on account of their
complicated preparation processes, relatively weak bonding
performance, and water resisting property. Based on the
above issues, there is an urgent need to develop green ﬁberboards with facile fabrication processes, high bonding
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strength, and good dimensional stability.
Chitosan with renewability and biodegradability, a product of natural polysaccharide chitin via removing part of acetyl group, has attracted an extensive attention because of
their rich source [12]. It has been widely used in food additives, textile, agriculture, environmental protection, beauty
care, cosmetics, antibacterial agent, medical ﬁber due to its
many physiological functions, such as biodegradability, biocompatibility, nontoxicity, antibacterial, anticancer, lipidlowering, and immunological enhancement [13–15], and so
on. Chitosan possesses a lot of free amino and hydroxyl
groups on its framework, which can aﬀord bonding strengths
between materials [16, 17]. Recently, wood-based materials
also achieve good bonding strengths by using chitosanbased adhesives [18–20]. However, the linear nature of chitosan structure could lead to the deformation of materials. To
overcome this structural limitation, the three-dimensional
polymer networks of chitosan have been created by the
chemical cross-linking [21–23].
Herein, a high-performance wood-based ﬁberboard with
eco-friendly cross-linked chitosan binder has been successfully
prepared by a facile hot-pressing process. The ﬁberboard
achieved excellent physical and mechanical properties due to
the addition of cross-linked chitosan. The eﬀects of 2,5dimethoxy-2,5-dihydrofuran cross-linking treatment on the
physical and mechanical properties of the prepared woodbased ﬁberboard were studied. The as-prepared wood-based
ﬁberboard with outstanding mechanical properties could be
regarded as a promising candidate for the environmentally
friendly decoration materials.

2. Materials and Methods
2.1. Materials. Poplar wood (Populus tomentosa Carr.)
ﬁbers (water content is about 10%) were provided by Zhejiang New Wood Material Technology Co., Ltd. (Ningbo,
China). Chitosan (CS) was purchased from Macklin Biochemical (Shanghai, China). Acetic acid was supplied by
Lingfeng Chemical Reagent Co., Ltd. (Shanghai, China).
2,5-Dimethoxy-2,5-dihydrofuran (DHF) was provided by
Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China).
All chemicals were used as received without any further
puriﬁcation.
2.2. Preparation of Cross-Linked Chitosan Binder. The crosslinked CS binder was prepared as follows: CS powder was solubilized in acid aqueous solution with glacial acetic acid
(1.3%, w/v) at room temperature (about 20°C) under stirring,
which formed a stable CS solution (2%, w/v). Afterwards,
DHF (0.1 M) was dropwise injected into the CS solution
under continuous agitation. Then, the mixed solution reacted
at 70°C for about 40 minutes until the formation of the DHF
cross-linked CS hydrogel.
2.3. Preparation of Wood-Based Fiberboard Bonded by DHF
Cross-Linked CS (F-DHF-CS). The preparation process of
wood-based ﬁberboard is shown in Figure 1. Fiberboard
forming is achieved by hot-pressing process. Before hotpressing process, the wood ﬁbers and DHF cross-linked CS
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hydrogel were mixed in a mass ratio of 4.5 : 100 (CS to absolute dry wood ﬁbers). Afterwards, the blended ﬁbers were
according to the national standard of the People’s Republic
of China GB/T11718-2009 under 180°C temperature, 4.0
MPa pressure (unit pressure of ﬁberboard surface), and 9
min pressing time to form a board with a size of 200 mm ×
200 mm × 3 mm. The density of the ﬁberboard was 0:95 ±
0:02 g/cm3. The ﬁberboard with the same amounts of water
(F-W), ﬁberboard with the same amounts of CS (F-CS),
and ﬁberboard with the same amounts of DHF (F-DHF) as
the control groups were prepared by the above same process.
2.4. Characterization. The morphologies of ﬁberboards were
observed by scanning electron microscopy (SEM, TM3030,
Hitachi). The chemical groups of ﬁberboards were recorded
by Fourier transform infrared (FTIR) spectroscopy (iS10,
Nicolet) via a KBr pellet pressing method. The surface composition of ﬁberboards was carried out on X-ray photoelectron spectroscopy (XPS, ESCALAB 250XI, Thermo Fisher).
The mechanical properties of ﬁberboards were tested by a
universal mechanical testing machine (5960, Instron)
according to Chinese national standard (GB/T 176572013). The three-point bending tests with a loading speed
of 5 mm min-1 were used to investigate the modulus of rupture (MOR) and modulus of elasticity (MOE) of ﬁberboards.
The internal bonding (IB) strengths of ﬁberboard samples
with a size of 50 mm × 50 mm × 3 mm were evaluated by vertical tensile test with a loading speed of 1.0 mm min-1. The
dimensional stabilities of ﬁberboard samples were analyzed
by the measurements of 24 h thickness swelling (TS).

3. Results and Discussion
The surface morphologies of diﬀerent ﬁberboards (F-W, FDHF, F-CS, F-DHF-CS) from the top view are shown in
Figure 2. It is obvious that ﬁbers in diﬀerent ﬁberboards show
diﬀerent states and morphologies. As shown in Figures 2(a)
and 2(b), the ﬁbers possessed more loose states and relatively smooth surface. After CS and DHF cross-linked CS
were introduced, there was a noticeable change in the
states of the ﬁbers (Figures 2(c) and 2(d)). The surfaces
of F-CS and F-DHF-CS displayed a rougher morphology
after the additions of CS and DHF cross-linked CS hydrogel, indicating that the CS and DHF cross-linked CS were
successfully attached to the ﬁber surfaces. Meanwhile, tighter structures were observed on account of the bonding
eﬀect of the CS and DHF cross-linked CS at the interface
between the two ﬁbers.
The cross-section morphologies of diﬀerent ﬁberboards
(F-W, F-DHF, F-CS, F-DHF-CS) are shown in Figure S1.
As shown in Figure S1a and Figure S1b, the cross sections
of the F-W and F-DHF were ﬂuﬀy and detached from each
other. In comparison, the F-CS and F-DHF-CS showed
tighter layered structure with less voids. Therefore, the
loose structures of F-W and F-DHF could result in their
poor mechanical properties. The tight and dense structures
of F-DHF-CS could be beneﬁcial to the improvement of its
mechanical property.
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Figure 1: Schematic illustration of the fabrication of ﬁberboard bonded by DHF cross-linked CS.
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Figure 2: Top view SEM images: (a) F-W; (b) F-DHF; (c) F-CS; (d) F-DHF-CS.
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Figure 3: FTIR spectra of (a) CS and DHF cross-linked CS, (b) F-W, and F-DHF-CS.
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Figure 4: Chitosan cross-linked by the Schiﬀ base reaction between malealdehyde and amine moieties of chitosan.

Figure S2 shows the XPS spectra of F-W, DHF crosslinked CS, and F-DHF-CS. As can be seen from Figure S2,
F-W, DHF cross-linked CS, and F-DHF-CS displayed two
main characteristic peaks at 285.1 eV and 533.1 eV which
are attributed to the C1s and O1s [24–26], respectively.
Compared with F-DHF-CS, DHF cross-linked CS has a
more obvious characteristic peak at 399.1 eV. Compared
with F-W, F-DHF-CS possessed a more obvious
characteristic peak at 399.1 eV which was corresponded to
the N1s [27], indicating that wood ﬁber surface was
successfully covered by the nitrogen-containing crosslinked CS.
Figure 3(a) shows the FTIR spectra of CS and DHF crosslinked CS. As can be seen from Figure 3(a), the CS and DHF
cross-linked CS presented peaks at 1156 cm-1, 1085 cm-1,
1030 cm-1, and 896 cm-1, which are attributed to glucosamine
unit of chitosan [28]. The FTIR spectra of CS exhibited characteristic peaks of amide I (1652 cm-1) and amide II (1595

cm-1) [29]. DHF cross-linked CS presented an obvious characteristic peak at 1648 cm-1 attributed to the formation of
C=N of the Schiﬀ’s base structure due to the interaction
between the glucosamine units of CS and the forming dialdehyde groups of DHF. Furthermore, DHF cross-linked CS
showed a decreasing intensity of amine moieties at 1595
cm-1. This further indicated that the cross-linking reaction
between CS and DHF occurred [30]. Schematic illustration
of chitosan cross-linking reaction with DHF is depicted in
Figure 4.
The FTIR spectra of F-W and F-DHF-CS are shown in
Figure 3(b). The characteristic peak intensity of F-DHF-CS
at 1655 cm−1 (amide linkages) was higher than that of F-W.
This could be due to the reaction between the amine groups
of cross-linked chitosan binder and carbonyl groups of wood
ﬁbers, which formed amide linkages. Moreover, the characteristic peak at 1595 cm−1 which was assigned to the superposition of the C=C linkages of lignin and the C=O amide
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Figure 5: Physical and mechanical properties of F-W, F-DHF, F-CS, and F-DHF-CS: (a) MOR; (b) MOE; (c) IB; (d) TS.

linkages was stronger in F-DHF-CS. This further suggested
the amide linkages between cross-linked chitosan and wood
ﬁbers. The characteristic peak of the –OH groups shifted
from 3405 cm−1 (F-W) to 3412 cm−1 (F-DHF-CS), which
indicated that more hydrogen bonds existed in F-DHF-CS.
These hydrogen bonds may result from the interactions
between the –OH groups of wood ﬁbers and the –OH/amine
groups of cross-linked chitosan. According to above FTIR
analysis, the amide linkages and hydrogen bonds between
wood ﬁbers and cross-linked chitosan were beneﬁcial to the
improvement of physical and mechanical properties of
wood-based ﬁberboards.
Figure 5 shows the MOR, MOE, IB, and TS values of FW, F-DHF, F-CS, and F-DHF-CS. As can be seen from
Figure 5(a), the MOR values of F-W and F-DHF were similar.
The MOR values of F-CS and F-DHF-CS increased to 38.7
MPa and 42.1 MPa after CS and DHF cross-linked CS were
introduced. As shown in Figure 5(b), the MOE values of FW and F-DHF just reached to 2242.2 MPa and 2238.0 MPa.
The MOE values of F-CS and F-DHF-CS increased to
3690.7 MPa and 3986.0 MPa. As shown in Figure 5(c), the
IB strengths of F-CS and F-DHF-CS were noticeably higher
than those of F-W and F-DHF. The F-DHF-CS possessed
the highest IB strength values (1.42 MPa). The improvements
of F-DHF-CS mechanical properties could result from the
amide linkages and hydrogen bonds between wood ﬁbers

and cross-linked chitosan. Furthermore, as can be seen from
Figure 5(d), the dimensional stabilities of the prepared woodbased ﬁberboards were also improved using CS and crosslinked CS as the binder. The F-DHF-CS had minimum TS
value (16.3%). The improvement of dimensional stabilities
of F-DHF-CS could be due to the bonding eﬀect of chitosan
leading to a tight structure, which decreased the channels
for water absorption. This is just like the dense structure of
F-DHF-CS observed in SEM.

4. Conclusion
In this study, a high-performance wood-based ﬁberboard
with high strength and water resistance which bonded by
DHF cross-linked CS was successfully fabricated via hotpressing process. The addition of cross-linked CS improved
the mechanical properties and dimensional stability of
wood-based ﬁberboards. The results indicated that F-DHFCS could achieve MOR of 42.1 MPa, MOE of 3986.0 MPa,
IB of 1.4 MPa, and TS of 16.3%, respectively. FTIR and XPS
results show the amide linkages and hydrogen bonds
between wood ﬁbers and cross-linked chitosan improved
the physical and mechanical properties of wood-based ﬁberboards. Such high-performance wood-based ﬁberboard with
high strength and dimensional stability is expected to be a
promising candidate for green decorative materials.
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