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The emerging interests in high-performance biocomposites grows significantly driven by their superior 
environmental sustainability. This study proposes a unique biocomposite strategy by implementing 

an acetic and ball-milled treatment to disrupt the bamboo cell wall structure, thereby facilitating 

further processing by effectively increasing the active sites and specific surface area in the bamboo 

fiber. The fibers are subsequently carboxymethylated to introduce carboxyl groups which facilitate 

physical bonding between the fibers and Mg2 + ions that are added to the system. These ions form metal- 
coordination bonds with the carboxyl groups, acting as ion bridges that significantly strengthen the 

inter-fiber bonding. The resulted biocomposite exhibits impressive mechanical properties, including a 

high tensile strength (94.24 MPa) and flexural strength (104.14 MPa), not only that, changes in elastic 

modulus also highlight changes in fiber bonding, the flexural modulus is 21.29 GPa and the tensile 

modulus is 7.01 GPa. Moreover, it maintains a low water uptake capacity of only 6.8 % despite being 

submerged for 12 h. The thermal conductivity and fire retardancy have also been improved. The synergic 

bonding ability between the cellulose and lignin in the fibers, coupled with the glue-free thermoforming 

process, enhances the material performance and renders it fully recyclable, thus reducing environmental 
pollution and providing cost-effective engineering materials to society. 

 

 

 

 

 

Introduction 

Since ancient times, humans have used natural biomass for
various purposes, such as fuel and construction materials [1–2] . As
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industrial development advanced, low-cost yet high-performance
materials became more prevalent in construction [3–5] . However,
while these materials have proven useful, their widespread use has
resulted in significant amounts of non-degradable waste, leading
to concerns related to human health and the environment [6–8] .
Moreover, the manufacturing of these materials generates various
harmful by-products, including acid wastewater, heavy metals,
VOCs (volatile organic compounds) and respirable particulate
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atter, and greenhouse gases that contribute to water and air
ollution [9–11] . 

As the world faces unprecedent environmental challenges, 
esearchers are exploring innovative ways to mitigate the negative 
mpacts caused by the processing of biomass [12–13] . Efficient

odification strategies can significantly enhance the subpar 
erformance of natural biomass, specifically its durability and 

echanical strength [14] . These modifications can facilitate the 
dvancement and application of eco-friendly materials, thereby 
ontributing significantly to environmental conservation efforts 
15–17] . Among various biomass, bamboo stands out due to its
ast growth rate, short growth cycle, as well as its simple and
traight structure, making it an ideal candidate for biocomposite 
roduction [18–21] . However, the limited diameter of bamboo 

oses challenges in producing large-size veneers using traditional 
licing or rotary cutting methods, thus disadvantage it’s further 
pplication [22] . Recently, the use of broken bamboo as a precursor
or fiberboard or particleboard production shows great potential 
or scale-up fabrication [23–26] . 

Biomass engineering materials are also hindered by 
eak mechanical properties and poor durability [27–28] . A 

onventional approach to reinforce bamboo is to fill bamboo 

ber gaps with adhesives [28–30] . However, the use of such
dhesives can result in formaldehyde emission that poses a health
azard to humans. Additionally, the performance of glue-free 
amboo fiberboard is impractical for biocomposite applications 
31–33] . The most common reinforcing technique to achieve 
deal mechanical properties and durability, is to add plastic to

ake plastic/bamboo hybrid. Such approach draw considerable 
oncerns on the subsequent waste, which bring more challenges 
n the circular economy remits [34–35] . 

Various pretreatment methods are helpful to improve the 
erformance of glue-free bamboo fiber boards [33] . Treatment 
ith acidic and alkaline solutions has shown advantage in 

nhancing mechanical properties [36] . A variety of salt solutions
an also be used for fiber treatment, which not only provide
uitable pH for pretreatment, but also introduce ions so that they
an participate in fiber bonding and enhance their performance 
37] . 

Herein, we introduce a novel fabrication strategy to achieve 
igh performance bamboo-based biocomposites. Our method 

mploys a combination of acid etching and carboxymethylation 

o modify bamboo fiberboards. The removal of hemicellulose, 
nclusion of carboxyl groups, and the addition of Mg2 + 

o facilitate fiber bonding through metal-coordination bonds 
ormation during hot pressing not only significantly enhances 
he mechanical properties and durability of the board, but 
lso offers an environmentally friendly process by eliminating 
ollutant emission. The complete glue-free strategy used in this 
odification also enhances the recyclability of the board, thereby 

educing environmental pollution and resource wastage. 

aterials and methods 
aterials 

hyllostachys heterocycle (meso bamboo) was purchased from 

henglong bamboo and woodcraft products factory. To ensure 
hat the experiment utilised the highest quality raw material, the
 

amboo powder was meticulously screened, with only the 60–
00 mesh of bamboo powder being deemed suitable for further 
se, placed the bamboo powder in an oven at 60 °C until the
uality did not change. Acetic acid (purity: 99.5 %), sodium 

ydroxide (purity: 96 %) and magnesium chloride (purity: 99.5 %) 
ere purchased from Sinopharm Chemical Reagent Co., Ltd. 

odium chloroacetate (purity: 98 %) was purchased from Aladdin 

iochemical Technology Co., Ltd in Shanghai. 

reparation of acid-etched bamboo powder 
o prepare the acid-etched bamboo powder, we began by mixing 
amboo powder with 9 wt% aqueous acetic acid in a ratio of
 g of powder to 6 mL acid. The mixture was then subsequently
nserted into a metallic ball mill cup, which was equipped with
 balls of 8.1 mm diameter and another 6 balls of 4.25 mm
iameter. The cup was securely fastened into a BP-R8 multi-vessel 
otary mixer manufactured by Hefei Kejing Material Technology 
o., Ltd. The mixing process was conducted at a temperature 
f 150 ◦C and a stirring speed of 300 rpm for a total duration
f 4 h. Once the temperature returned to the ambient level,
he cup was removed from the mixer and carefully washed with
eionised water. This step was crucial to neutralize any remaining 
cidic content. Subsequently, the acid-etched bamboo powder was 
uccessfully prepared, ready for further applications. 

reparation of enhanced bamboo powder 
n the carboxymethylation of the treated bamboo powder, a 

ixture consisting of 20 g of acid-etched bamboo powder, 6.6 g
f sodium chloroacetate, and 240 mL of distilled water was 
eated for four hours at 60 ◦C in a water bath. Subsequently,
 wt% aqueous sodium hydroxide was added to the mixture, 
hich was then further heated for 70 min at 75 ◦C. The

esulting dried powder is named carboxymethylated powder. The 
arboxymethylated powder was repeatedly washed with absolute 
thanol and subsequently dried in an oven. To enhance this 
owder further, 10 g of carboxymethylated powder, 140 g of a
0 wt% magnesium chloride solution (30 wt%), and 280 mL of
thanol was mixed. This mixture was then heated ed in a 70 ◦C
ater bath for 180 min. The by-product of the reaction was rinsed
ut with deionised water, yielding the enhanced powder. 

reparation of enhanced biocomposites 
he production of reinforced biocomposites commenced with the 
esiccation of bamboo powder in an oven at 60 ◦C for 24 h.
ubsequently, the sample was exposed to stable relative ambient 
emperature and humidity to balance the moisture content. 
he dried bamboo powder was then subjected to hot pressing, 
pplying a 90 min heating at 185 °C and pressure of 30 MPa. Once
he hot-pressing process was completed, the obtained specimen 

as left to naturally chill to the surrounding temperature ( Fig. 1 ).
or the control group, untreated bamboo powder underwent the 
ame processing steps as the reinforced biocomposites. 

easurements of physical properties of reinforced bamboo 

omposites 
onforming to the GB/T 17657-2013 standards, the composite 
aterials were subjected to comprehensive testing to evaluate 
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Fig. 1 

A schematic figure detailing the steps to produce the enhanced biocomposite. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

110 C. 
their density, mechanical strength (including tensile and bending
strengths), and water absorption characteristics [38] . Each sample
was subjected to three rounds of testing, with the mean value used
for analysis. The mechanical strength (bending and tensile) of
the composite materials was evaluated by adopting the Shimadzu
AGS-X universal testing machine (Japan). The testing parameters
included a sample size of 50 × 7 × 2.2 mm, a crosshead speed
of 0.2 cm/min, and a distance of 1.7 cm among the lower and
upper ends. Additionally, the bending strength was measured
using a three-point bending machine at a span of 3 cm and a
crosshead acceleration of 1 cm/min. To gauge water resistance,
the samples were immersed in water and monitored for changes
in thickness and water content at intervals of 3, 6, 9, 12, 24, and
48 h. 

A contact angle tester (DSA100S, KRUSS) was employed to
determine the surface wettability. The degree of contact angle was
quantified by capturing photographs of the shape and contact
angle of water droplets on the sample surface. A 10 mg powder
sample was placed in a TGA55 thermogravimetric analyser (TA
Instruments). The temperature was raised from room temperature
to 750 °C at a heating rate of 10 °C/min. Under different
magnifications and acceleration voltage of 15 kV, the microscopic
morphology of sample surface and cross-section was scanned
and analysed with an electronic fiber microscope. The thermal
conductivity of sample (20 × 20 × 2.5 mm) was measured with
a DRPL-2B thermal constant analyser. The test of specific surface
area is provided by Bester specific surface area and pore analyzer,
and the degassing temperature is 110 ◦C for 12 h. 

Quantification of the properties and chemical content of 
reinforced bamboo composites 
To determine the lignin composition that is insoluble in acid, the
following procedure [39] is performed. Approximately 30 mg of
the powdered specimen was introduced to a borosilicate container
containing 3 mL sulfuric acid (72 %). The container was then
sealed and placed in a water bath at 30 ◦C for an hour. Then,
deionised water (about 84 mL) was used to top-up into the
container before it was sealed, after which the container was
subjected to high-temperature sterilisation for 60 min prior to
solid-liquid separation. Resulting solid components were washed,
neutralised by deionised water, and then dried before being
incinerated at 540 °C for 6 h in a high-temperature furnace (KSL-
1200X-J) manufactured by Hefei Kejing Material Technology Co.,
Ltd. in China. 

A P4PC UV–Vis spectrophotometer (Shanghai Mipuda
Instrument Co., Ltd., China) was adopted to quantify the
absorbance of liquid part from the solid-liquid separation and
the acid-soluble lignin content. Mix 0.96 ml of liquid part from
the solid-liquid separation with 0.04 ml of 50 % NaOH prepared
mixed solution. Waters e2695 liquid chromatography analyser
was adopted to evaluate the acidified sugar concentration and
calculate the composition of hemicellulose and cellulose in
the liquid. The chemical functional groups of biocomposites
were identified via the Nicolet IS50 Fourier transform infrared
spectroscopy (Thermo Fisher Scientific) integrated with
attenuation total reflection mirror in the wavelength range
of 4000 ∼400 cm−1 . X-ray diffraction was performed on the
samples in the 2 θ range of 10–50 ° using equipment from Beijing
Puwei General Instrument Co., Ltd. located in China. The current
utilised was 30 mA while the voltage chosen for operation was
40 kV. 

To analyse the relative amounts of O and C atoms and binding
states in the sample, the Axis Ultradld X-ray photoelectron
spectroscopy device, which was assembled by Shimadzu
Enterprise Management Co. Ltd. In China, was employed.
The equipment was run in a vacuum environment at 7 × 10−8 Pa,
with a current of 10 mA and AC voltage of 15 kV. The C1, C2, and
C3 atomic characteristic peaks of each sample were re-adjusted
for accurate measurements. The BSD-PS4 Specific Surface & Pore
Size Analyzer was used for Brunauer-Emmett-Teller analysis, the
degassing time was 2880 min, and the degassing temperature was

◦

3 



Giant, 18, 2024, 100253 

Full-length
 article

 

Fig. 2 

(a) Specific surface area diagram of the sample; (b) The chemical composition content of each sample; (c) Infrared spectra of each sample before and after treatment. 
(d) EDS of these samples shows the changes in the element content of each sample. 
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esults and discussion 

ffect of acid-etching and carboxymethylation on chemical 
unctional groups, specific surface area, and microstructure 
ig. 2 a illustrates the changes in specific surface area of
he bamboo powder throughout the acid-etching and 

arboxymethylation stages, from 0.52 m2 /g of bamboo to 0.79 

2 /g of acid-etched powder, to 21.89 m2 /g of carboxymethylated 

owder. Acid treatment of the bamboo powder leads to a slight
ncrease in specific surface area, indicating a deconstruction of 
he bamboo cell wall. This is attributed to the combined effects
f acid treatment and ball milling [40] . The resulting breakdown
f fiber bonds and removal of the branched hemicellulose
auses the treated fiber to become looser and rougher ( Fig. 3 b),
eading to a higher specific surface area [41] . The roughened
urface produced by acid etching pretreatment enhances the 
ontact area for chemical reagents, further facilitating the 
reakdown of hemicellulose connections. Subsequently, the 
ydroxyl groups are replaced by carboxymethyl groups during 

he carboxymethylation step, increasing potential bonding 
ites on the surface of the fiber; this aligns with the changes
n the chemical composition ( Fig. 2 b). After etching, the
emicellulose content decreased sharply and the subsequent 
arboxymethylation treatment further amplifies this process. 
oreover, the simultaneous increase in cellulose as the treatment 

rogressed was interpreted as a decrease in the absolute content
f hemicellulose resulting in an increase in the relative content
f cellulose. 

The results from infrared spectra indicates noticeable 
lterations in the functional groups of bamboo powder before 
nd after treatment ( Fig. 2 c). The peak intensity detected from
 

cid-etched powder at 1735 cm−1 and 1236 cm−1 , correspond 

o the carbonyl group and C–O bond, respectively. These peaks 
re significantly curtailed in comparison to bamboo powder, 
hich signifies the elimination of bamboo hemicellulose. Upon 

arboxymethylation, the characteristic peaks at 1736 cm−1 

nd 1236 cm−1 vanish, suggesting the complete removal of 
emicellulose. However, the peak intensity at 1608 cm−1 elevate 
hile that of the peak at 3334 cm−1 weaken, indicating the 

eplacement of cellulose surface hydroxyl groups with carboxyl 
roups (carboxymethylation). The treated bamboo powder 
isplay two distinct characteristic peaks at 2840 cm−1 and 1319 

m−1 , indicating the incorporation of Mg2 + [42] . It has been 

ound that no chemical change occurs during hot pressing. 
EDS analysis reveals an explicit incorporation of Mg2 + ( Fig. 2 a),

here the content of Mg increases by 1.25 % after being
mmersed in the MgCl2 solution. The decrease in Mg after 
ot pressing can be explained as Mg2 + facilitates fiber bonding 
y creating ionic "bridges" between fibers. On the other hand, 
ompared to untreated bamboo powder, acid-etched bamboo 

owder has a lower carbon-to-oxygen ratio (Fig. S1), because 
he content of hemicellulose, which has more carbon-containing 
ranched chains, is decreased during acid etching. Through 

arboxymethylation, the number of C= O groups increases, and 

he carbon-to-oxygen ratio further decreases [43] , which can be 
videnced in the XPS results (Fig. S2). The enhanced biocomposite 
xhibits a decrease in the number of C–O bonds and an increase in
= O bonds, based on changes in XPS peak areas, validating the
ffective elimination of hemicellulose and carboxymethylation. 
he change in carbon-oxygen after hot pressing can be explained 

y lignin precipitation on the fiber surface during hot pressing. 
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Fig. 3 

Enhanced biocomposite deconstructed and reassembled schematic diagram. Bamboo cell deconstruction and fiber bonding promoted by Mg2 + . Microstructure 
of each sample (a) bamboo (b) acid-etched powder; (c) enhanced powder; (d) enhanced biocompostite. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is prompted by the greater carbon-to-oxygen ratio of lignin
compared to cellulose where it causes the overall C:O ratio to
increase when precipitates onto the fiber surface. 

The acid etching has a substantial impact on the surface
of bamboo powder. The surface is found to become rough
after treatment due to the removal of hemicellulose ( Fig. 3 a-
d). Subsequent carboxymethylation and coordination of Mg2 + 

led to further shrinking of material surface, resulting in the re-
agglomeration of fibers and yellow colouration of the powder
( Fig. 3 c). At last, hot pressing caused the repolymerization of fibers,
which recombine them into a single fiber ( Fig. 3 d). 

Mechanical properties of enhanced bamboo biocomposites 
In Fig. 4 a and b, a significant enhancement in the mechanical
properties of biocomposite is observed. The flexural strength is
recorded at 104.14 MPa, with the tensile strength captured at
94.24 MPa. In comparison, the control biocomposite exhibits
lower strength of 27.87 MPa and 14.38 MPa for flexural and
tensile strengths, respectively. Also, the stretchability increased
from 14 MPa to 94.24 MPa due to improved mechanical properties
brought by the coordination between Mg2 + ions and the carboxyl
groups. It is important that the concentration of the MgCl2 
solution used is high enough (30 wt.%), to ensure that sufficient
coordination bonds are formed between Mg2 + ions and fibers.
Insufficient MgCl2 concentrations could lead to suboptimal
Mg2 + coordination, resulting in low mechanical strength
(Fig. S2). 

The mechanical properties of the enhanced biocomposite are
further improved through a simple acid-etching pretreatment.
This is reflected in the improvement of mechanical properties of
acid-etched biocomposites. This pretreatment effectively removes
hemicellulose from the material, allows lignin to occupy the
spaces between fibers during hot pressing [44] . This increase in
mechanical strength is attributed to the denser structure provided
by hot pressing. However, it is imperative to note that the
connection between fibers and lignin still depends on hydrogen
bonding provided by high temperatures and high pressure. As
a result, improvement in mechanical strength is limited in the
control samples that have no Mg2 + ions. The introduction of
Mg2 + addresses this constraint by reinforcing the connection
between the fibers and lignin. This approach forms coordination
bonds that are stronger and more robust than hydrogen bonds,
leading to denser and structurally more stable materials [45] . The
introduction of Mg2 + made this new type of binding possible.
As a result, the enhanced biocomposite exhibits a substantially
higher elastic modulus, with a bending modulus of 21.29 GPa and
a tensile modulus of 7.01 GPa, compared to both the acid-etching
biocomposite (12.71 GPa, 4.72 GPa) and the control biocomposite
5 
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Fig. 4 

(a) flexural stress-strain diagram of the sample; (b) tensile stress-strain diagram of the sample; (c) XRD of the sample; (d) tensile strength and modulus; (e) a 
demonstration of the mechanical properties of enhanced biocomposite; (f ) flexural strength and modulus; (g) an Ashby Chart comparing the specific strength 
and tensile strength with common materials. 
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Table 1 

Crystallinity of each sample. 

Sample Crystallinity (%) 

Bamboo 50.24 
Biocomposite (control) 52.69 
Acid-etched biocomposite 53.5 
Enhance bamboo biocomposite 62.32 
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6

12.71 GPa, 3.19 GPa). This enhanced combination of elements
ignificantly increases the rigidity of the material ( Fig. 4 d- 4 f). 

The modification in the crystalline structure of material is 
videnced from the X-ray diffraction (XRD), which consequently 
ccounts for the enhancement in the mechanical strength, as 
hown in Fig. 4 c. The calculation for determining the crystallinity
s represented by the equation below: 

CrI = 

(
1 − Iam 

I002 

)
×100% 

The data presented in Table 1 reveal that the enhanced
amboo biocomposite exhibits a higher cellulose crystallinity 
evel of 62.32 %, in contrast to the 50.24 % found in natural
amboo. This increase in crystallisation area can be attributed 

o the presence of Mg2 + in the material, which promotes a
ore compact fiber combination. Furthermore, the acid etching 

reatment applied to the bamboo material breaks down its 
ell wall and hemicellulose, thereby exposing it to chemical 
eagents that enhance subsequent processing and further enhance 
 

rystallinity [46–47] . In addition to its enhanced crystallinity, 
he reinforced bamboo biocomposite also demonstrates robust 

echanical properties ( Fig. 4 e), this allows some less demanding
ngineering materials to be replaced by it. The glue-free strategy 
lso allows for completely recycling raw materials from waste 
amboo or even the reinforced biocomposite itself. As a result 
f its increased crystallinity and robust mechanical properties, 
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Fig. 5 

(a) 48 h water absorption thickness expansion of the materials; (b) 48 h water absorption of the materials; (c) change of contact angle of each sample within 60 s; (d) 
enhanced biocomposite thickness changes before and after 48 h in the water environment; (e) The bamboo was dripping with acid; (f ) change of macromorphology 
of enhanced biocomposite in the water environment; (g) The enhanced biocomposite was dripping with acid; (h) Sample contact angle picture. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the reinforced bamboo biocomposite has the possibility to be
employed in several engineering purposes as showcased in Fig. 4 g.

The water resistance of enhanced bamboo biocomposites 
It is found that the water absorption and thickness expansion
of enhanced biocomposite is significantly lower than the
biocomposite (control) and natural bamboo samples ( Fig. 5 a).
The low thickness expansion can make the material obtain a
more stable form in outdoor environment or high humidity
conditions. Specifically, the water absorption thickness expansion
percentage of enhanced biocomposite is only 7.21 %. After
48 h, the biocomposite (control) and natural bamboo samples
exhibit 15.9 % and 8.9 % expansion, respectively. Additionally,
the enhanced biocomposite material retains its appearance and
structure even after being immersed in water for another 48 h
( Fig. 5 d, f), which is not the case for the control sample,
where hydrogen bonds are easily broken down in this kind of
environment. The water resistance of the enhanced biocomposite
is facilitated by the coordination of magnesium ions, which
prevents the fibers from disintegrating in water [48–49] . This
is manifested by a decrease in the number of free hydroxyl
groups, which is due to the substitution of hydroxyl groups in
pretreatment and the further increase in crystallinity after hot
pressing. 

The rate of weight gain in samples provides a vital measure
for assessing the water resistance of the material. Due to
the porous structure and cellular cavities, bamboo exhibits
a higher water absorption rate compared to the other two
samples ( Fig. 5 b). Conversely, the enhanced biocomposite sample
undergoes densification and surface hydroxyl group destruction
7 
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Fig. 6 

(a) Thermal conductivity of a material; (b) Variation diagram of the residual mass of material with temperature (TG of the materials); (c) Variation diagram of the 
mass change rate of material with temperature (DTG of the materials); (d) Thermal image of each sample. Combustion of bamboo, enhanced biocomposite under 
the flame of an alcohol lamp. 
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uring hot pressing, resulting in a significantly lower water 
ontent of only 10.27 % after 48 h. The hot-pressing process
lso results in a high contact angle for the material due to lignin
eposition on its surface. Despite this, the advancements in fiber
onding techniques have resulted in an improved biocomposite 
hat maintains a contact angle of 85.3 ° for 60 s ( Fig. 5 c, h),
ndicating a hydrophobic nature. Upon exposure to concentrated 

ulfuric acid droplets (72 wt%) for 3 h, the bamboo surface
ndergoes complete blackening owing to the infiltration of the 
cid solution and the oxidation of the fiber surface. In contrast, the
 a

 

einforced biocomposite remains unscathed, with droplets resting 
n its surface thereby maintaining its structural integrity even 

nder acidic conditions ( Fig. 5 e, g). 

hermal conductivity and flame retardancy of enhanced 

amboo biocomposites 
he enhanced bio-composites possess the highest thermal 
onductivity (Fig .6a). Fig. 6 b presents the percentage mass change
f the material as temperature increases. Remarkably, surface 
ctivation and embedding of Mg2 + significantly improve the heat 
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resistance. The degradation temperature range of hemicellulose
is between 225 and 300 ◦C, during which bamboo quality
decreases rapidly. However, the rest samples remain unchanged,
suggesting the efficient removal of hemicellulose. The degradation
of hemicellulose is observed between 270 and 370 ◦C. The quality
of acid-etch powder rapidly declines between 275 and 325 ◦C due
to the hemicellulose residue and fiber combination. Destroyed cell
walls more likely lead to the degradation. 

Between 325–375 ◦C, the enhanced powder degrade rapidly
and reach its maximum degradation rate at around 350 ◦C, which
is slightly lower than that of the acid-etched powder sample
( Fig. 6 c) [50–51] . This phenomenon is caused by the replacement
of functional groups on the fiber surface. Acid-etched treatment
replaces hydroxyl groups with carboxyl groups, reducing cellulose
thermal degradation temperature. After hot pressing, making the
materials more closely bonded, thus improving thermal stability.
The enhanced biocomposite has a lower maximum degradation
rate than the enhanced powder without hot pressing ( Fig. 6 c),
and a higher temperature was required to reach the maximum
degradation rate. This is due to the increased bonding after hot
pressing. A laser with a power of 0.5 W and a wavelength of
808 nm were used to irradiate the surface of the sheet with a
spot diameter of 10 mm. The infrared thermal imager shows the
temperature rise after being irradiated by light. The enhanced
biocomposite has higher thermal conductivity, making it easier
to disperse the heat to other areas, thus reducing the heating time
( Fig. 6 d). 

The flame retardancy is a critical application requirement for
bamboo-based bio-composite. Due to the porous structure and
loose build, it is highly susceptible to combustion with rapid
spreading [52–53] . When exposed to an alcohol lamp flame,
ignition occurs within 4 s and spreads to all parts of the front end
with the potential for self-ignition within 8 s ( Fig. 6 e). However,
the dense structure and surface deposition of lignin resulting from
hot pressing has significantly improved the flame-retardant of
material. The biocomposite (control) burns weakly at 4 s and only
a tiny flame remains at the end when it leaves the flame for 8 s
(Fig. S4).The enhanced flame retardancy of the material can be
attributed to the further dense structure and Mg2 + addition [54] .
Upon ignition, the enhanced biocomposite burns with only tiny
flames gathering at the end in 4 s and burns out quickly when it
leaves the alcohol lamp flame in 8 s, thus demonstrating its flame-
retardant ability ( Fig. 6 f). It is notable from the aforementioned
findings that the flame retardancy of the material is drastically
enhanced through the addition of magnesium and the resulting
dense structure. 

Conclusion 

In this work, we describe a novel facile fabrication of a glue-
free bamboo biocomposite for fiberboard. Our methods involve
a pretreatment process where bamboo powder is etched using
acetic acid and ball milling, effectively deconstructing the bamboo
cell wall. This is followed by the incorporation of carboxymethyl
into the bamboo fiber, which significantly improves its surface
activity and provides reaction sites for Mg2 + ions. This synergy
between Mg2 + ions and carboxyl groups (COO−) facilitates fiber
bonding allowing for the formation of a denser structure during
hot pressing. The obtained enhanced biocomposite material
has high tensile strength (94.24 MPa) and flexural strength
(104.14 MPa), which are significantly improved compared to the
tensile strength (14 MPa) and flexural strength (27.87 MPa) of
glue-free bamboo fiber board. Under 12 h of water soaking, the
enhanced biocomposite (6.8 %) was far stronger than the glue-
free bamboo fiber board (9 %). The thermal conductivity and
fire retardancy have been explored with improved performance.
Based on this strategy, numerous application scenarios have been
expanded including construction, outdoor decoration, and other
areas previously unavailable due to fiberboard defects. Moreover,
the fabrication process is devoid of harmful emissions and the
resources are reusable. We expect this glue-free bamboo fiber board
technique to find wider application venue as a sustainable and
green material in the construction industry. 
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