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In recent years, bamboo has been widely used for building materials and household goods. However, bamboo is flammable, so a
flame-retardant treatment for bamboo is urgently needed. In this work, nano MgAl-layered double hydroxide (MgAl-LDH)
coated on bamboo, which was called MgAl-LB, was synthesized by an in situ one-step method. To determine the optimal in situ
time, the effects of different reaction times on LDH growth on the bamboo surface and the flame retardancy of the MgAl-LBs
were investigated. The SEM observations show that LDH growth on the surface of bamboo was basically saturated when the in
situ reaction time was 24 h. Abrasion experiments show that MgAl-LDH coating has good abrasion resistance. The fire
performance of the MgAl-LBs was evaluated by cone calorimeter tests, which indicated that the THR and TSP of the MgAl-LBs
were significantly lower than those of untreated bamboo. Taking into account the energy consumption problem, determining
the reaction time of 24 h is the optimal reaction time. Compared with untreated bamboo, the THR and TSP of MgAl-LB
prepared at 24 h decreased by 33.3% and 88.9%, respectively.

1. Introduction

In recent years, the demand for wood resources has gradually
increased, but natural forestry is protected in China [1].
Therefore, people need an alternative to wood. Bamboo has
the characteristics of fast growth, high yield, and good
mechanical properties [2, 3]. Therefore, bamboo can be used
instead of wood in some fields. Due to the unique appearance
of bamboo, its products are already being used by people as
decorative materials in buildings; however, the flammability
of bamboo leads to its limited use in indoor environments.
Thus, flame-retardant bamboo material is important.

Layered double hydroxides (LDHs), also known as
hydrotalcite-like compounds or anionic clay, are mainly
composed of positively charged hydroxide layers and nega-
tively charged interlayer anions [4, 5]. LDHs have chemical
composition tunability and interlayer anion exchangeability,
which endow them with unique properties and functions.

Therefore, LDHs have a wide range of applications in many
fields, such as catalysts [6], adsorbents [7], corrosion protec-
tion [8], and flame-retardant materials [9, 10]. Some studies
have shown that LDH can absorb a large amount of heat,
dilute the concentration of flammable gas, and absorb harm-
ful acid gases during the decomposition process; therefore, it
is an excellent flame retardant [11]. Guo et al. applied MgAl-
LDH to wood in a two-step process and found that the total
smoke production and maximum smoke production ratio
were reduced by 58% and 41%, respectively, compared to
those of samples without MgAl-LDH [12]. Liang et al. intro-
duced 5.0wt% MgAl-LDH and 5.0wt% melamine pyrophos-
phate to medium density fiberboards and found that the peak
heat release rate (PHRR) and mean heat release rate (MHRR)
were reduced by 27.9% and 7.5%, respectively, compared to
those of samples with 3.3wt% MgAl-LDH and 6.7wt% mel-
amine pyrophosphate [13]. Wang et al. reported the synthe-
sis of ZnAl-LDH coating on the surface of wood to enhance
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the fire resistance of wood [14]. However, as far as we know,
no report currently exists on the flame retardancy of bamboo
used by MgAl-LDH.

In this study, unlike the abovementioned application of
LDHs as a wood fire retardant, MgAl-LDH coated on bam-
boo (MgAl-LB) was prepared by a one-step method, and
the flame-retardant properties of MgAl-LBs prepared under
different reaction times were analyzed. In addition, it was
found through abrasion experiments that MgAl-LDHs syn-
thesized on the surface of bamboo by this method had good
abrasion resistance. The structure and chemical composition
of MgAl-LDH on the bamboo surface were analyzed by X-
ray diffraction, transmission electron microscopy, Fourier
transform infrared spectroscopy, and elemental analyses.
Scanning electron microscopy was used to observe the mor-
phology and distribution of MgAl-LDH on the surface of
bamboo. The combustion decomposition behavior of the
MgAl-LB was tested using a combined thermogravimetric
and infrared instrument and a cone calorimeter. The abra-
sion resistance was confirmed by abrasion tests and contact
angle measurements.

2. Materials and Methods

2.1. Materials. Bamboo strips (100 × 20 × 5mm3, L × T × R)
were purchased from Zhejiang Yongyu Bamboo Joint-Stock
Co. Ltd. Milky white glue was purchased from Shanghai
Zhongnan Building Materials Co. Ltd.

Magnesium nitrate hexahydrate [Mg(NO3)2·6H2O, analyt-
ical grade], aluminum nitrate nonahydrate [Al(NO3)3·9H2O,
analytical grade], and urea [(NH2)2CO, analytical grade]
were supplied by Sinopharm Chemical Reagent Co. Ltd.
(Shanghai, China). Deionized water was used throughout
the experiment.

2.2. Fabrication of the MgAl-LBs. First, 750mL deionized
water was added in the beaker, then Mg(NO3)2·6H2O and
Al(NO3)3·9H2O were added in a molar ratio of Mg Al = 3 1,
and (NH2)2CO was added in a molar ratio of urea NO3

− = 3.
The mixture was then stirred to obtain a transparent solu-
tion. Six bamboo strips were placed in a 1000mL three-
neck flask under vacuum for 30min. Then, the transparent
solution was added to the three-neck flask and the bam-
boo strips were soaked under atmospheric pressure for
1 h. The three-neck flask was transferred to a 100°C oil
bath and maintained for a specified reaction time (6 h,
12 h, 24 h, 36 h, or 48 h). When the reaction was over,
the stirring was stopped and the temperature was main-
tained for 10 hours to decompose the remaining urea.
Then, the samples were cleaned and rinsed with water.
The final samples were freeze-dried in a freeze dryer.
The samples are called MgAl-LB-6 h, MgAl-LB-12 h,
MgAl-LB-24 h, MgAl-LB-36 h, and MgAl-LB-48 h.

2.3. Characterization. X-ray diffraction (XRD) was per-
formed using a SHIMADZU XRD-6000 X-ray diffractometer
with a Cu-Kα radiation source (wavelength, λ = 0 154 nm)
at 40 kV and 30mA in the range of 5°-70°. The composi-
tion was determined from the different characteristic

peaks, and the LDH interlayer distance was calculated by
the Bragg equation.

Transmission electron microscopy (TEM) images were
obtained on a JEM-2010FEF field-emission microscope.

Element analyses of the LBs were carried out using
energy dispersive X-ray spectroscopy (EDX) (Genesis 4000,
AMETEK, Newark, DE, USA) with an accelerating voltage
of 25 kV.

The surface and cross-section morphologies of the LBs
were imaged with field-emission scanning electron micros-
copy (FESEM, Hitachi S-4800, Japan).

The combustion tests of the samples were performed by a
cone calorimeter test (CCT) (Fire Testing Technology Ltd.,
East Grinstead, UK) according to ISO 5660-1 procedures
(with a stainless-steel grid to prevent samples from bending
or extending during combustion). Each specimen (dimen-
sions of 100 × 100 × 5mm3) was made up by combining
bamboo strips with a small amount of glue, and then, the
samples were exposed to an irradiance of 50 kWm-2. The test
was repeated three times for each sample.

Thermogravimetric (TG) analysis was carried out with a
TG 209 analysis system for thermal weight loss analysis in an
N2 or air atmosphere at a heating rate of 10°C·min-1 from an
ambient temperature to 770°C.
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Figure 1: Schematic diagram of the abrasion test.
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Figure 2: The XRD patterns of the untreated bamboo (a), MgAl-
LB-6 h (b), MgAl-LB-12 h (c), MgAl-LB-24 h (d), MgAl-LB-36 h
(e), and MgAl-LB-48 h (f).

2 Journal of Nanomaterials



The abrasion resistance of the MgAl-LDH coating
on the bamboo surface was tested by the method in
the literature [15]; as shown in Figure 1, MgAl-LB
(longitudinal × tangential × radial: 10 × 10 × 3mm3) was
rubbed with a 1500-mesh sandpaper at a pressure of
1000 Pa. The water contact angle of the sample surfaces
was measured at every 30 cm of abrasion length (water
contact angle of not less than 5 different positions). The
mechanical stability of the MgAl-LDH coating on the sur-
face of the bamboo is judged by the change of the water
contact angle.

3. Results and Discussion

3.1. Characterization of the MgAl-LBs. Figure 2 shows the
XRD curves of MgAl-LBs prepared under different reaction
times and untreated bamboo (the powders measured by
XRD are scraped off from the surface of the samples with a
knife). As can be seen from Figure 2, b–f, the (003), (006),
(012), (110), and (113) diffraction peaks of the samples are
in agreement with MgAl-LDH [16–18] and are ascribable
to MgAl-LDH indexed by the JADE 6.0 PDF of No. 89-
0460. In addition, the layer spacing of MgAl-LDH on the sur-
face of MgAl-LBs (6 h to 48h) was calculated by the Bragg
equation to be 0.89 nm, 0.90 nm, 0.89 nm, 0.90 nm, and
0.90 nm, respectively, which means that the interlayer anions
of MgAl-LDHs on the surface of MgAl-LBs are nitrate ion
(NO3

-) [16]. The diffraction peaks at 15.74° and 22.66° are
ascribable to characteristic diffraction peaks of bamboo
(Figure 2, a). Structural information about the MgAl-LDH
on the MgAl-LB surface was further obtained by TEM, and
the typical TEM image shows that the MgAl-LDHs are pres-
ent as ultrathin nanosheets (Figure 3(a)). The HRTEM image
shows that the interplanar spacing is 0.25 nm (Figure 3(b)),
which corresponds to the (012) plane spacing shown in the
XRD pattern.

The elemental composition of MgAl-LBs prepared at
different reaction times is shown in Figures 4(a)–4(f). In
addition to the C and O possessed by the bamboo, Mg,
Al, and N were clearly detected in these samples. It was
further confirmed that MgAl-LDH was formed on the sur-
face of bamboo.

3.2. Observed Morphology and Growth Mechanism Analysis
of the LDH Coating. Snapshot photographs and SEM images
of untreated bamboo and the MgAl-LBs are shown in

Figure 5. The synthesis method and snapshot photographs
of untreated bamboo and the MgAl-LB are shown in
Figure 5(a). The snapshot clearly shows that the color of
the bamboo in the MgAl-LB is significantly more yellow than
the untreated bamboo. The reason for the color difference is
mainly that the bamboo was at a temperature of 100°C for a
long time, and the lignin in the bamboo became discolored.
In addition, the surface of the MgAl-LB had a white film.
It was found by SEM that the surface microscopic mor-
phology of MgAl-LBs has ab-oriented hexagonal platelets
compared with untreated bamboo (Figures 5(b)–5(g)),
which is similar to the structural appearance reported by
other researchers [12, 14, 19, 20]. In addition, it was found
that the MgAl-LDHs on the surface of MgAl-LBs gradually
became denser and denser as the reaction time prolonged
(Figures 5(c)–5(g)).

This study also proposed a corresponding mechanism for
the formation and growth of LDHs on the surface of bamboo.
First, Mg2+ and Al3+ are transported to the surface of bamboo
in solution and then adsorbed on the surface of bamboo due
to the large quantities of hydroxyl groups on bamboo, as
illustrated by steps (I)-(II) in Figure 5(h). In addition, at
100°C, the urea is slowly hydrolyzed to form NH3, which
forms NH4(OH) in the aqueous solution to provide a suitable
pH for the growth of the MgAl-LDH crystallites. When the
local concentration of enriched Al3+ and Mg2+ reaches
supersaturation conditions, the nitrate ions embedded in
the intermediate layer balance the charge in the solid-
liquid phase, and then, MgAl-LDHs nucleate at the phase
boundary. Finally, an ab-oriented MgAl-LDH film forms
on the surface of bamboo [21], as illustrated by steps
(III)-(IV) in Figure 5(h).

When the reaction time was 6 h and 12h, the MgAl-LDH
platelets were partially disordered and perpendicular to the
bamboo surface, and some areas of the bamboo surface were
not covered by MgAl-LDHs (Figures 5(c) and 5(d)). As the
reaction time increased to 24 h, 36 h, and 48 h, because of
spatial competition, a dense ab-oriented MgAl-LDH mem-
brane formed (Figures 5(e)–5(g)). Therefore, it can be con-
cluded that as the reaction time is prolonged, a uniform
and dense MgAl-LDH film is gradually formed. In addition,
Figures 5(b)–5(g) show that the morphology of the MgAl-
LDH nanostructures in the dense film on the bamboo surface
remains relatively stable for longer reaction times. The results
show that a low-energy, dense MgAl-LDH film can be pre-
pared with a reaction time of 24 h.

100 nm
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MgAI-LDHs (012)
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Figure 3: (a) A typical TEM image of the MgAl-LDH. (b) HRTEM image of the MgAl-LDH.
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3.3. Flame-Retardant Properties. Cone calorimetry was
used to obtain combustion information. This technique
investigates how materials burn when exposed to the typ-
ical heat flux of a fire [22–24]. In this test, the samples
were heated in a cone calorimeter, and data were recorded.
The heat release rate (HRR), total heat release (THR),
smoke production ratio (SPR), total smoke production
(TSP), maximum average rate of heat emission (ARHE),
and specific extinction area (SEA) plots are shown in
Figure 6, and the parameters evaluated by the CCTs are
given in Table 1.

As shown in Table 1, untreated bamboo was ignited after
31 seconds (TTI) with vigorous burning. The TTI of MgAl-
LBs (6 h to 48h) was delayed by 12.9%, 29.0%, 35.5%,
45.1%, and 38.7% compared with untreated bamboo, respec-
tively. This delay could provide valuable time to evaluable
time to evacuate a site or extinguish a fire in the event of a
fire. As shown in Figure 6(a) and Table 1, the HRR peak value
of the MgAl-LBs were smaller than those of untreated bam-
boo (502.4KW/m2). As the reaction time prolonged (6 h to
48 h), the peak HRR decreased from 367.0 to 245.2KW/m2.
The peak value decreased by 26.9.0%, 36.3%, 42.9%, 46.1%,
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Figure 4: EDX patterns of untreated bamboo (a), MgAl-LB-6 h (b), MgAl-LB-12 h (c), MgAl-LB-24 h (d), MgAl-LB-36 h (e), and MgAl-
LB-48 h (f).
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and 51.2% compared to that of untreated bamboo for the
different reaction times. The THR value of untreated bam-
boo was 38.6MJ/m2, and the THR values of the MgAl-LBs
(6 h to 48 h) decreased by 23.1%, 30.0%, 33.3%, 33.6%, and

31.3%, respectively, compared with untreated bamboo
(Figure 6(b) and Table 1).

The smoke generated by fire is toxic and opaque and
seriously endangers personnel safety [25]; therefore, it is
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Figure 5: (a) Synthetic scheme for the MgAl-LB and snapshot photographs of untreated bamboo andMgAl-LB. SEM images of (b) untreated
bamboo, (c) MgAl-LB-6 h, (d) MgAl-LB-12 h, (e) MgAl-LB-24 h, (f) MgAl-LB-36 h, and (g) MgAl-LB-48 h. (h) Schematic diagram of LDH
film formation.
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Figure 6: Cone combustion tests of bamboo and MgAl-LBs prepared with different reaction times: (a) heat release rate, (b) total heat release,
(c) smoke production ratio, (d) total smoke production, (e) maximum average rate of heat emission, and (f) specific extinction area.
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important to detect the smoke production when materials are
burned. The SPR values and TSP of samples are shown in
Figures 6(c) and 6(d) and Table 1. Compared with untreated
bamboo, the SPR of MgAl-LBs prepared at different reaction
times (6 h to 48 h) decreased by 54.4%, 71.8%, 77.3%, 89.7%,
and 89.2%, respectively; and the TSP of the MgAl-LBs
decreased by 74.9%, 79.9%, 88.9%, 83.5%, and 90.0%, respec-
tively. In addition, the SEA of theMgAl-LBs was smaller than

that of untreated bamboo, which further indicates that
MgAl-LBs have better smoke suppression performance
(Figure 6(f)).

Figure 6(e) shows the ARHE of bamboo and the MgAl-
LBs. The maximum average rate of heat emission (MARHE)
can be used as an indicator to measure the tendency for fire to
develop under real conditions [26, 27]. The MARHE value of
untreated bamboo was 191.5 kW/m2, and theMARHE values

Table 1: Values of the parameters from the CCTs: time to ignition (TTI), peak of HRR (pkHRR), THR, SPR, TSP, MARHE, and residue
values (Wres).

Sample code TTI (s)
pkHRR ± σ
(kW/m2)

THR ± σ
(MJ/m2)

SPR ± σ
(10-3·m2/s)

TSP ± σ
(m2/kg)

MARHE ± σ
(kW/m2)

Wres ± σ (%)

Bamboo 31 ± 2 502 4 ± 23 4 38 6 ± 1 7 21 4 ± 1 8 0 99 ± 0 01 191 5 ± 8 3 16 6 ± 0 9

MgAl-LB-6 h 35 ± 2 367 0 ± 5 1 29 7 ± 2 4 9 7 ± 1 3 0 25 ± 0 01 130 2 ± 1 7 19 9 ± 1 4

MgAl-LB-12 h 40 ± 1 320 0 ± 20 6 27 0 ± 0 3 6 0 ± 0 3 0 20 ± 0 03 118 6 ± 9 1 21 1 ± 1 6

MgAl-LB-24 h 42 ± 3 286 9 ± 11 4 25 7 ± 0 4 4 9 ± 0 5 0 11 ± 0 01 106 1 ± 0 1 22 9 ± 0 8

MgAl-LB-36 h 45 ± 2 270 8 ± 13 2 25 6 ± 0 4 2 2 ± 1 1 0 16 ± 0 03 100 1 ± 0 4 23 0 ± 1 1

MgAl-LB-48 h 43 ± 3 245 2 ± 65 9 26 5 ± 0 2 2 3 ± 0 7 0 10 ± 0 03 101 3 ± 7 8 25 4 ± 0 5

(a) (b)

(c) (d)

Figure 7: Images of the residues after the cone calorimeter test: (a) untreated bamboo, (b) MgAl-LB-6 h, (c) MgAl-LB-24 h, and (d)
MgAl-LB-48 h.
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of the MgAl-LBs (6 h to 48 h) decreased to 130.2 kW/m2,
118.6 kW/m2, 106.1 kW/m2, 100.1 kW/m2, and 101.3 kW/m2,
respectively. This reduction indicates that MgAl-LDH can
indeed diminish the tendency for fire to develop.

As shown in Figure 7, the residue of untreated bamboo
after burning was mainly grayish white ash with a small
amount of carbon blocks (Figure 7(a)). The residue of
the MgAl-LBs after burning had some white ash on the
surface, but the carbon shape basically maintained the
original appearance of bamboo, which indicates that
MgAl-LDH is beneficial to promote the carbon formation
of bamboo during combustion. In particular, the residues
of MgAl-LB-24 h and MgAl-LB-48h seem to be more
complete and harder than the residue of MgAl-LB-6 h
(Figures 7(b)–7(d)), which indicates that uniform and
dense MgAl-LDH is more favorable for carbon formation.
The SEM and EDX results for the residual MgAl-LB coke
after combustion are shown in Figure 8. Figure 8(a) shows
that the surface of the burnt bamboo had dense white par-
ticles. The elemental analysis of the area revealed uniform
and dense magnesium and aluminum on the surface of the
bamboo (Figures 8(b) and 8(c)), which indicated that the
surface LDHs decomposed into magnesium-aluminum
oxide after the MgAl-LB were burned.

The above flame-retardant parameters indicated that the
THR value of the MgAl-LB-36h is the lowest, but the THR
values of the MgAl-LB-24 h and MgAl-LB-36h are very close
(Figure 6(b) and Table 1). Compared to that of untreated

bamboo, the TSP value of the MgAl-LB-24h is reduced the
most (Figure 6(d) and Table 1). Furthermore, the TTI and
Wres of the MgAl-LB-24 h are better than those of the other
MgAl-LBs (Table 1). In addition, the morphology of the
MgAl-LDH nanostructure is nearly stable on the surface of
MgAl-LB-24 h (Figure 6). The 24 h reaction time is a low-
energy reaction time compared to 36h and 48h. Therefore,
the 24h reaction time is the optimal time for the MgAl-LB.
The TG test and abrasion resistance analysis mentioned
below were performed using the MgAl-LB-24h.

3.4. TG and TG-IR Analysis. Figure 9 shows that the thermal
stability and thermal oxidative property of untreated bamboo
and MgAl-LB were evaluated by the thermogravimetric (TG)
in nitrogen and air atmosphere, respectively. TG under N2 is
used to simulate the combustion behavior under the surface
of the combustion material. The decomposition of the poly-
mer until the volatilization part of polymer combustion
begins was simulated by air TG [28].

In a nitrogen atmosphere, evaporation of adsorbed water
causes untreated bamboo andMgAl-LB to lose weight for the
first time. In the pyrolysis process, there are mainly three
pyrolysis processes for untreated bamboo. The process takes
place in different temperature ranges: 200-260°C for hemicel-
lulose, 240-350°C for cellulose, and 280-500°C for lignin
[28–30]. The main peak in the DTG curve is mainly due
to the decomposition of cellulose (Figure 9(b)). According
to the TG-DTG diagram of MgAl-LDH, during the

(a) (b)

(c)

Figure 8: SEM image of the MgAl-LB-24 h residue (a) and EDX mapping of the MgAl-LB-24 h residue based on a mapping model
investigation (b, c).
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heating process, MgAl-LDH experienced three weightless
processes, namely, evaporation of adsorbed water, removal
of interlayer ions, and removal of partial hydroxyl groups
[31, 32] (such as a small map, Figure 9(b)). In contrast
to the DTG curve of untreated bamboo, it can be clearly
found that the DTG curve of MgAl-LB has a significant
weight loss process at 234.5°C, mainly because MgAl-
LDH evaporates a large amount of crystal water and
adsorbed water.

The presence of MgAl-LDH coating has a certain influ-
ence on the pyrolysis of bamboo. From the TG curve
(Figure 9(a)), the final residue of MgAl-LB was 29.1% (the
loading of MgAl-LDH was 1.8%), while the final residue of
untreated bamboo was 24.0%. This indicates that MgAl-

LDH is beneficial to promote the carbon formation of bam-
boo and improve the thermal stability of bamboo.

Under the air atmosphere conditions, it was found from
the DTG curve that there were two degradation processes
in the untreated bamboo (Figure 9(d)). The first degradation
process occurs between 250 and 360°C, which is related to the
production of char from hemicellulose, cellulose, and lignin.
The second degradation process takes place between 410 and
470°C, which oxidizes char to CO and CO2 [33]. In the DTG
curve, compared with untreated bamboo, MgAl-LB has a sig-
nificant weight loss process between 170 and 250°C, which is
mainly attributed to the evaporation of crystal water and
adsorbed water in MgAl-LDH (such as a small map,
Figure 9(d)). Other weight loss processes are similar. In
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Figure 9: Thermogravimetric (TG) and the differential of TG (DTG) curves for untreated bamboo and MgAl-LB in nitrogen (a, b) or air
atmosphere (c, d). Note that MgAl-LB has a MgAl-LDH content of 1 8 ± 0 1wt%.
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addition, comparing the char oxidation maximum degrada-
tion temperature of untreated bamboo and MgAl-LB, it was
found that the char oxidation maximum degradation tem-
perature of MgAl-LB was significantly shifted to the right.
It may be that MgAl-LDH reduces the degradation kinetics.
From the TG curve (Figure 9(c)), the final residue of MgAl-
LB was 2.8% (the loading of MgAl-LDH was 1.8%), while
the final residue of untreated bamboo was 0.7%. The increase
in the final residue of MgAl-LB is due to the increase in the
weight of 1.8% MgAl-LDH. The thermal stability behavior
of untreated bamboo and MgAl-LB was analyzed by TG-
DTG under a nitrogen atmosphere and air atmosphere. It
can be concluded that the inert gas released by MgAl-LDH
and the inorganic coating formed by decomposition can pro-
mote the carbonization of bamboo and hinder the continu-
ous decomposition of bamboo.

3.5. Abrasion Resistance. Since MgAl-LDH is used as a flame
retardant coating on bamboo surfaces, its abrasion resistance
is particularly important. In this experiment, the abrasion
test was carried out to evaluate the abrasion resistance of
the as-prepared MgAl-LB. As shown in Figure 10(a), the
water contact angles were measured at every 30 cm of abra-
sion length, and all contact angles were measured by water
droplets for 30 seconds (test method reference Figure 1). It
can be seen from Figure 10(a) that after continuous abrasion

of the MgAl-LB, its contact angle was gradually reduced and
mainly distributed at 60-80°. However, it was still a larger
contact angle than the contact angle of untreated bamboo
(22.5°). This indicates that the MgAl-LDHs on the surface
of the bamboo have a certain degree of abrasion resistance.
In order to further analyze the abrasion resistance, the sur-
face of the sample after smoothing 210 cm on a 1500-mesh
sandpaper (under a pressure of 1000Pa) was observed by
ESM. It can be seen from Figures 10(b)–10(d) that after the
abrasion of MgAl-LB, the ab-oriented MgAl-LDHs on the
surface are flattened, but the surface of the bamboo is not
exposed. Therefore, the abrasion test proves that the MgAl-
LDH coating formed on the surface of the bamboo by situ
reaction has good abrasion resistance.

4. Conclusion

In this study, MgAl-LDH coating on a bamboo surface was
successfully prepared by an in situ one-step method. With
the reaction time increased, the LDHs that formed in situ
on the surface of the bamboo gradually became uniform
and dense. When the reaction time reached 24h, the MgAl-
LDH that formed on the surface of the bamboo was satu-
rated. Compared with those of untreated bamboo, the
MgAl-LB-24 h ignition time was extended by 11 s, the total
heat release was reduced by 28.1%, and the total flue gas
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Figure 10: (a) Influence of abrasion length on contact angle of MgAl-LB-24 h. (b) SEM image of MgAl-LB-24 h after sliding 210 cm. (c, d)
EDX mapping of the MgAl-LB-24 h after abrasion based on a mapping model (b) investigation.
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emissions were reduced by 88.9%. The results show that
LDHs can effectively improve the flame-retardant properties
of bamboo, especially the smoke suppression performance.
In addition, through the abrasion test, it was found that the
LDH coating formed on the surface of the bamboo has good
wear resistance in this experiment.
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