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ABSTRACT: As a family of important inorganic layered materials,
layered double hydroxides (LDHs) have attracted considerable
attention owing to their potential applications in wide areas.
Generally, the size, shape, uniformity, and dispersity of LDHs have
great effects on their application properties. Herein, we report an
efficient approach to prepare surfactant-free transparent dispersions
of monodispersed CO3

2−-intercalated MgAl-LDH nanoparticles
using a high-gravity-assisted intensified coprecipitation method in a
rotating packed-bed (RPB) reactor, followed by hydrothermal
treatment. After a rapid coprecipitation in the RPB reactor,
monodispersed MgAl-LDH nanoparticles with an average particle
size of about 31 nm can be obtained. As compared to that in a
stirred tank reactor (STR), the product from the RPB has a much
smaller particle size, narrower size distribution, and higher optical transparency. More importantly, the reaction time can be
significantly reduced from 20 min to 20 s, realizing an efficient continuous preparation. Subsequent hydrothermal treatment will
facilitate the particles to change from irregular shapes to hexagonal nanoflakes. Simultaneously, the average particle size of MgAl-
LDH nanoparticles rises to 65−72 nm on increasing the hydrothermal temperature from 90 to 130 °C. Furthermore, highly
transparent and flexible nanocomposite films consisting of poly(vinyl alcohol) (PVA) and MgAl-LDH nanoparticles are readily
fabricated with the spin-coating method and the layer-by-layer technique. It could be envisioned that such LDH dispersions may
have a wide range of potential applications in the fields of optical devices, catalysis, gas separation, sensing, and antiflaming materials.

1. INTRODUCTION

Layered double hydroxides (LDHs) are a class of anionic clay
materials composed of positively charged hydrotalcite-like
layers and interlayered galleries containing counterions and
solvation molecules. The general formula of LDHs can be
described as [M(II)1−xM(III)x(OH)2][A

n−]x/n·zH2O, where
M(II) and M(III) are usually divalent and trivalent metal
cations, respectively, and An− is the intercalated anion. Most
commonly, M(II) can be chosen from Mg2+, Zn2+, Cu2+, Co2+,
and Ni2+, and M(III) can be chosen from Al3+, Fe3+, Mn3+,
Cr3+, etc. An− plays a role in neutralizing the positive charges
provided by bimetallic layers, and it is often selected from Cl−,
NO3

−, CO3
2−, SO4

2−, or PO4
3−.1−3 In recent decades, LDHs

have been extensively studied for their applications in both
scientific research and industries, due to their excellent physical
and chemical properties in ion exchange, structural controll-
ability, memory effect, fire resistance, and functions of
exfoliation and reconstruction. For example, they can be
applied in the preparation of ion-exchange hosts, acid gas
absorbents, catalysts, and fire retardants. In addition, they are
also ideal raw materials or precursors for preparing catalyst
carriers, self-assembled materials, optical devices, and bio-
materials.4−7

Among numerous kinds of LDHs, MgAl-LDHs are the
earliest and deepest researched products. So far, there have
been a number of methods to prepare MgAl-LDHs, such as
coprecipitation, hydrothermal treatment, ion exchange, hydrol-
ysis of alkoxides, and reverse microemulsion.8−12 Among all of
these approaches, coprecipitation of metallic salts is the most
fundamental and commonly used one. However, by using this
method, MgAl-LDH particles are usually obtained with
irregular shapes and broad size distributions because of the
variation of the solution supersaturation degree during a
reaction in a traditional stirred tank reactor (STR). Particles
precipitated at the beginning undergo a much longer growth
period than those precipitated at the end and thus have much
larger particle sizes. In addition, particle aggregation happens
to most current products due to the attraction between
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different particles, which will seriously deteriorate the
mechanical properties and application performance of
products.13,14 Thus, it is still a challenge for us to realize the
efficient preparation of high-quality MgAl-LDHs with small
sizes, regular shapes, and excellent dispersibility.
Monodispersed nanoparticles, which exhibit a lot of size-

and shape-dependent phenomena, have been studied in depth
due to their excellent dispersibility, specific morphologies, and
functions as building blocks in synthesizing advanced materials.
In the past decade, many monodispersed nanoparticles have
been achieved, including noble metals, metal oxides, and some
other metallic compounds.15−17 However, monodispersed
nanoparticles of metal hydroxides have been rarely reported,
especially for LDHs. Duan and co-workers realized the
preparation of MgAl-CO3 LDH nanoparticles with the size
of 60−80 nm using a colloid mill followed by a separate aging
process. However, most of these single particles were attached
to each other to form chains or were aggregated in the
microscale.18 Pang et al. synthesized naked Mg2Al-NO3 LDH
nanosheets by a coprecipitation method using a T-type
microchannel reactor.19 The nanosheets were obtained with
thickness of 0.68−1.13 nm and lateral size of 20−30 nm.
However, these nanosheets can be steadily dispersed into
aqueous solutions for only 16 h at room temperature. In recent
years, more advanced techniques have been developed to
synthesize LDH nanoparticles or nanomaterials, but the
disadvantages of most approaches are obvious and very
difficult to be avoided.20−22 Therefore, it is worth developing
a facile and efficient method to synthesize monodispersed
LDH nanoparticles.
Rotating packed bed (RPB) is a kind of novel reactor that

can generate an environment with highly intensified micro-
mixing and mass transfer23,24 and has been successfully
employed to synthesize different nanomaterials with uniform
sizes and regular morphologies, such as Ag, ZnO, CaCO3, and
Mg(OH)2.

25−28 Therefore, RPB is a very promising platform
for preparing monodispersed LDH nanoparticles. Recently,
many researchers have attempted to synthesize LDH nano-
particles in a high-gravity environment, but most of them did
not achieve particles in the nanoscale (≤100 nm). For
example, an impinging stream−rotating packed-bed (IS-RPB)
reactor was used with a coprecipitation method to prepare
CoMn-LDH by Zhang et al.29 According to their results of
scanning electron microscope (SEM) and dynamic light-
scattering, the particles were obtained with an average particle
size of 187.9 nm. Similarly, Xu and co-workers prepared MgAl-
LDHs using a high-gravity-reactive precipitation method, but
the particles were obtained with an average particle size of 160

nm and a broad size distribution ranges from 46 to 478 nm.30

Compared with previous studies by the RPB reactor or some
other continuous flow reactors,31−33 our study reveals an
efficient approach for synthesizing surfactant-free monodis-
persed MgAl-CO3 LDH nanoparticles using a high-gravity-
assisted coprecipitation method in an RPB reactor combined
with hydrothermal treatment. The as-prepared nanoparticles
were obtained with average particle size range from ca. 30 to
70 nm and can be easily dispersed into water to form stable
(≥6 months) and transparent aqueous suspensions. A
traditional STR experiment was also carried out for
comparison. Furthermore, nanocomposite films containing
poly(vinyl alcohol) (PVA) and MgAl-LDH nanoparticles were
also successfully fabricated with excellent optical transparency
and flexibility.

2. EXPERIMENTAL SECTION
2.1. Chemicals and Reagents. Aluminum nitrate non-

ahydrate (Al(NO3)3·9H2O, ≥ 99%), magnesium nitrate
hexahydrate (Mg(NO3)2·6H2O, ≥ 99%), and ammonium
hydroxide (NH3·H2O, 25−28%) were purchased from Tianjin
Fuchen Chemical Reagents Factory (China). Sulfuric acid
(H2SO4, ≥98%), hydrogen peroxide (H2O2, ≥30%), and
poly(vinyl alcohol) (PVA, #1788, molar mass: 44.05) were
obtained from Beijing Chemical Reagent Co., Ltd. (China). All
chemicals and reagents used in these experiments are
analytical-grade pure and were used without further
purification. Ultrapure water (18.2 MΩ·cm) was produced
by a Laboratory Water Purification System (Smart-S30) from
Shanghai Hitech Instruments Co., Ltd. (China).

2.2. Equipment. The rotating packed bed (RPB) used in
this work consists of a rotor and porous stainless wire mesh
packing, and it is designed with two reactant inlets and one
product outlet. The rotor is twined with the packing, whose
porosity and specific surface area are 0.9 and 850 m2/m3,
respectively. The inside and outside diameters of the rotor are
46 and 92 mm, respectively, and the axial length of the rotor is
44 mm. More details about the RPB have been reported in our
previous publications.34,35 Figure 1 shows the experimental
setup of the entire process, including homogeneous
coprecipitation in the RPB reactor and hydrothermal treat-
ment.

2.3. Preparation of Transparent Dispersions of
Monodispersed MgAl-LDH Nanoparticles. In a typical
synthesis process, 5.769 g of Mg(NO3)2·6H2O and 2.813 g of
Al(NO3)3·9H2O were dissolved in 100 mL of ultrapure water
to form solution A, and 20 mL of NH3·H2O (25−28%) was
diluted to 100 mL to form solution B. Solution A and solution

Figure 1. Illustration of the experimental setup for an RPB experiment: (1) Mg2+/Al3+ salt solution tank, (2) NH3·H2O solution tank, (3−4) pump,
(5−6) flowmeter, (7−8) inlet, (9) slotted pipe, (10) stainless wire mesh packing, (11) outlet, (12) RPB reactor, (13) ultrapure water tank, (14)
funnel, (15) filter flask, (16) digital oven, (17) autoclave, (18) sonicator, and (19) dispersion of MgAl-LDH nanoparticles.
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B were stored separately in two beakers and heated to 30 °C by
a digital water bath. At the beginning of coprecipitation, two
liquid streams containing metal salts and NH3·H2O were
pumped into the interior of RPB, sequentially, and then
sprayed onto the inside edge of the rotor. The flow rates were
controlled at 300 mL/min by flowmeters, and the liquid
streams were uniformly and rapidly distributed by slotted
pipes. Afterward, the two liquid streams were vigorously mixed
and reacted with each other in the packing zone to generate a
white suspension of MgAl-LDH nanoparticles. The residence
time of the generated suspension was ca. 1 s, much shorter
than that conducted by an STR reactor or some other
continuous flow reactors. Subsequently, the resulting suspen-
sion was collected from the outlet and filtered and rinsed with
ultrapure water several times by a Buchner funnel. The funnel
was covered with a qualitative filter paper and two polyamide
filter membranes in sequence, whose pore sizes were 20 and
0.1 μm, respectively. After that, a clean filter cake and a
completely transparent filtrate were separately obtained in the
funnel and filter flask. Then, the filter cake was redispersed into
ultrapure water to form a transparent dispersion of
monodispersed MgAl-LDH nanoparticles.
Furthermore, hydrothermal treatment was immediately

carried out to investigate the effect of aging on particle size
and morphology. Specifically, the above-obtained transparent
dispersion was placed in a sealed Teflon-lined stainless steel
autoclave and heated to a certain temperature for 12 h. After
that, the autoclave was cooled down to room temperature, and
the resulting dispersion was recovered.
A traditional STR experiment was also conducted for

comparison with the RPB-prepared products, and all reaction
conditions including solution concentrations, temperatures,
and heating time set for an STR experiment were the same as
set for an RPB experiment. However, solution B was added
dropwise to solution A in an STR experiment, which took up
to 20 min to finish a circle, much longer than the 20 s needed
by an RPB. After that, the rest of the steps were performed
under the same conditions as in an RPB experiment. According
to the reaction time and powder mass obtained by drying the
MgAl-LDH dispersions, we can calculate that the productiv-
ities of the RPB reactor and the STR reactor were 315 and 5.25
g/h, respectively. Obviously, the RPB achieved a yield that was
60 times that of the STR, indicating its high efficiency in
producing MgAl-LDH nanoparticles.
2.4. Fabrication of Transparent Nanocomposite

Films. Nanocomposite films of (PVA/LDH)n and (PVA
+LDH)n (n = 1−10) were fabricated by using the spin-coating
method and the layer-by-layer technique. Quartz glass was
chosen as the substrate and precleaned with Piranha solution
(70% H2SO4 + 30% H2O2) before experiments. First, the PVA
solution (5 wt %) was prepared by dissolving a certain amount
of PVA powders into ultrapure water with heating and stirring
at 98 °C. Then, the PVA solution was cooled down to room
temperature and spin-coated onto the surface of the pretreated
quartz glass substrate. The film was dried at room temperature
and subsequently coated with the as-prepared transparent
dispersion of monodispersed MgAl-LDH nanoparticles. The
PVA/LDH film was obtained after drying again, and the
(PVA/LDH)n films can be prepared by repeating the above
operations “n” times.
Similarly, the (PVA+LDH)n films can also be fabricated by

the above procedures. The only difference is that the PVA
solution was intensively mixed with the transparent dispersion

of monodispersed MgAl-LDH nanoparticles before coating for
the purpose of testing the compatibility between PVA and
MgAl-LDH nanoparticles. As a result, a two-component film
was generated after the mixed solution was coated onto the
quartz glass and dried later, and the (PVA+LDH)n films can be
easily obtained by repeating the coating and drying procedures
“n” times alternatively.

2.5. Characterization. The particle size and morphology
of MgAl-LDH nanoparticles were observed using a scanning
electron microscope (SEM) (JSM-6701, JEOL, Japan) and a
transmission electron microscope (TEM) (JEM-2010F, JEOL,
Japan). The X-ray diffraction (XRD) pattern of MgAl-LDH
nanopowders was recorded using an X-ray diffractometer
(XRD-6000, Shimadzu, Japan) in the scanning range of 5−70°.
The Fourier transform infrared (FT-IR) spectrum of MgAl-
LDH nanoparticles was detected by a Nicolet 6700
spectrometer (Nicolet Instrument Co.) in the wavenumber
range of 4000−400 cm−1. The light transmittance of the as-
prepared dispersions was assessed through a UV−vis
spectrometer (UV-2501, Shimadzu, Japan) within the scope
of 200−800 nm. The ζ-potential of MgAl-LDH nanoparticles
dispersed in the aqueous solution was detected through a ζ-
potential analyzer (Nano ZS-90, Malvern Instrument Ltd.,
U.K.) at 25 °C. The thermal behavior of MgAl-LDH
nanoparticles was investigated via a thermal gravimetric
analysis (TGA) system (TGA/DSC1 SF 1100, Mettler Toledo,
Switzerland) at a heating rate of 10 °C·min−1 in air.

3. RESULTS AND DISCUSSION
Figure 2a shows the SEM images of MgAl-LDH nanoparticles
prepared by an STR or RPB, and their corresponding digital
photographs of dispersions are shown in the inset. The stirring
speed was set to 800 rpm for an STR experiment. In
comparison, 800, 1600, and 2400 rpm were set, respectively,
for the three RPB experiments. The average particle size of
each sample was calculated by statistics, and the result is shown
in Figure 2b; over 50 particles were randomly collected for
each sample. Clearly, monodispersed MgAl-LDH nanoparticles
with irregular shapes were prepared for all samples under these
experimental conditions. However, the reaction time was
reduced from 20 min by an STR to 20 s by an RPB, and the
RPB-prepared nanoparticles have much smaller sizes and
narrower size distributions. According to the statistics, 57, 38,
33, and 31 nm are counted as the results of the average particle
size for those four samples. As mentioned in our previous
publications, the liquid streams passing through the packing
zone can be fast divided into countless tiny droplets or thin
films, thereby resulting in a high specific surface area and
intensifying the micromixing and mass transfer of reac-
tants.36,37 Therefore, the rapid nucleation and much shorter
growth period of particles in an RPB will result in smaller
average particle sizes and more uniform size distributions than
those in an STR. In addition, the rotating speed of RPB
represents the intensity of micromixing and mass transfer; thus,
the average particle size gradually decreases with the increase
of rotating speed.
Figure 3 displays the representative XRD patterns and FT-IR

spectra of two samples prepared in an STR and RPB,
respectively, with a stirring/rotating speed of 800 rpm. It can
be obviously seen that both samples are obtained with a typical
parallel layered structure, which is evidenced by the appearance
of XRD peaks located at 2θ = 11.62, 23.38, and 34.62°.
According to JCPDS 51-1528, the three above-mentioned
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peaks correspond to the characteristic reflections of hydro-
talcite on crystal planes of (003), (006), and (009). In

addition, d(003) = 0.76 nm is calculated by Bragg’s law, which
indicates that the as-prepared MgAl-LDH nanoparticles are
CO3

2− intercalated. This demonstrates that the MgAl-CO3
LDH nanoparticles can be successfully prepared by this
homogeneous coprecipitation method. Moreover, the RPB-
prepared sample exhibits a slightly broader width of peaks than
that of the STR-prepared one, which means that the RPB-
prepared sample has a smaller average particle size. The
Debye−Scherrer equation is applied to calculate the crystal
size in terms of the (110) plane. As a result, 52.8 and 37.7 nm
are acquired for sample A and sample B, respectively. These
are approximately consistent with the SEM results. The FT-IR
absorption peaks at 1379, 1356, and 833 cm−1 are ascribed to
the antisymmetric stretching vibration and out-of-plane
bending vibration of CO3

2−, which is consistent with the
XRD result. The other peaks occur at 3450 and 750−480 cm−1

are assigned to the stretching vibration of O−H in water and
the stretching and bending vibrations of metal-O groups. All of
the above pieces of evidence suggest that the CO3

2−

-intercalated MgAl-LDHs were successfully prepared by both
an STR and RPB. In addition, no peaks arising from impurities
are detected in XRD and FT-IR curves, indicating that the
products have high levels of purity.
Figure 4 exhibits the as-prepared four sample dispersions

containing MgAl-LDH nanoparticles synthesized by an STR or

RPB and their corresponding UV−vis test results on light
transmittance. All dispersions were prepared with the same
concentration of 1 wt %. It is remarkable that the samples
prepared by an RPB have better visual transparency than those
prepared by an STR. Furthermore, the Tyndall effect can be
observed for every sample, which illustrates an excellent
dispersibility of the as-prepared MgAl-LDH nanoparticles in
the aqueous solution. According to the light transmittance
curves, all samples are detected to have high levels of light
transmission in the visible-light region. It is well known that
human eyes are the most sensitive to green light at about 555
nm. Accordingly, values of 77.4, 75.6, 72, and 66.5% are

Figure 2. (a) SEM images and (b) the corresponding average particle
sizes of MgAl-LDH nanoparticles prepared by (A) STR-800 rpm, (B)
RPB-800 rpm, (C) RPB-1600 rpm, and (D) RPB-2400 rpm.

Figure 3. (a) XRD patterns and (b) FT-IR spectra of MgAl-LDH
nanoparticles prepared using an STR and RPB, respectively, with a
stirring/rotating speed of 800 rpm.

Figure 4. (a) Photographs of dispersions (1 wt %) of the MgAl-LDH
nanoparticles prepared using an STR or RPB, and (b) their
corresponding UV−vis test curves on light transmittance.
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detected for those four samples at the above-mentioned
wavelength. Clearly, the worst performance was from the STR-
prepared sample, which should be responsible for the lowest
optical transparency of dispersions. As depicted by Rayleigh
scattering, the intensity of scattered light increases with the rise
of particle size, thereby leading to the decline of visible-light
transmission. In addition, according to previous research,
particle size smaller than 40 nm contributes to the preparation
of transparent dispersions and lifts the intensity of visible-light
transmission rapidly.38 Therefore, the smaller particle size
obtained from RPB should be responsible for the better visual
transparency and higher visible-light transmittance.
Figure 5 shows the TEM images and average particle sizes of

MgAl-LDH nanoparticles prepared using an RPB (2400 rpm)
without or with a hydrothermal treatment at different
temperatures along with the corresponding digital photographs
of dispersions (1 wt %) and their UV−vis curves on light
transmittance. Clearly, the average particle size increases after
hydrothermal treatment on gradually increasing the temper-
ature from 90 to 130 °C. The results for those four samples are
measured as 31, 65, 69, and 72 nm. However, the dispersibility
of particles does not deteriorate with the increase of particle
size. In addition, the morphology of particles changes from
irregular shapes into hexagonal nanoflakes, and this trend
becomes more and more obvious with the rise of temperature.
This phenomenon could be explained by Ostwald ripening,
which includes a dissolution−reprecipitation process. From the
light transmittance curves, we can see that the value at 555 nm
decreases from 77.4 to 63.9%, 62.3 and 61.2% after
hydrothermal treatment at 90, 110, and 130 °C, respectively.
Although the light loss is inevitable, nearly 80% of the original
visible-light transmittance at 555 nm is still maintained even
after hydrothermal treatment at 130 °C. Correspondingly, the
optical transparency of dispersions declines only slightly after
hydrothermal treatment. This operation gives the products a
much wider range of potential applications, such as in the fields
of nanocomposites, transparent films, and self-assembled
materials.
Figure 6 presents the XRD patterns of MgAl-LDH

nanoparticles prepared using an RPB (2400 rpm) without or
with a hydrothermal treatment at different temperatures and an
illustration of the possible formation process of these particles.
From Figure 6a, the MgAl-LDH nanoparticles change from
low crystallized to highly crystallized after hydrothermal
treatment at 110 °C or even at a higher temperature, since
increasing temperature is usually conducive to the recrystal-
lization process of nanoparticles from low crystallinity to high
crystallinity. According to the crystal structure of these
particles, the metal cations (Mg2+ and Al3+) occupy the
centers of edge-sharing octahedrons, whose vertexes contain
hydroxide anions, making the octahedrons electrically neutral,
and connect to form two-dimensional (2D) layers.3 In
addition, the growth rates of the (110) and (003) crystal
planes are determined by the formation rate of bonds among
Mg2+, Al3+, and OH− and the stacking rate between layers,
respectively. Therefore, hydrothermal treatment under a high
temperature boosts the dissolution−reprecipitation process
(Ostwald ripening), which means an acceleration of the growth
of particles, as well as the (110) and (003) crystal planes. As a
result, MgAl-LDH nanoplates with hexagonal shapes and a
layered structure can be successfully prepared, as shown in
Figure 6b. The values of the ζ-potential are 55.4, 48.6, 45.2,
and 43.5 mV for those four samples according to the test

results. This means that the excellent dispersibility of MgAl-
LDH nanoparticles mainly depends on the high ζ-potential.
Figure 7 displays the TG analysis results of MgAl-LDH

nanoparticles prepared using an RPB (2400 rpm) without or
with a hydrothermal treatment at 130 °C. Both samples were
predried in a vacuum desiccator at 30 °C for 24 h before the
TG analysis. From the weight-loss curves, it can be clearly seen
that both samples experience a similar three-step weight loss

Figure 5. (a) TEM images and the average particle sizes of MgAl-
LDH nanoparticles prepared by an RPB (2400 rpm) without or with a
hydrothermal treatment at different temperatures and (b) correspond-
ing digital photographs of dispersions (1 wt %) and their UV−vis
curves on light transmittance.
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process. The first stage for the untreated sample is observed in
the range of 50−235 °C, corresponding to a value of 14.37 wt
%. This part is mainly caused by the removal of interlayer
water and a small amount of surface-adsorbed water. The
second stage starts from 235 to 460 °C, giving a result of 23.58
wt %, mainly ascribed to the decomposition of metal
hydroxides and a part of carbonate anions. The last step is
due to the decomposition of the rest of the carbonate anions,
resulting in the release of CO2. Compared with the untreated
sample, the hydrothermally treated sample achieves a little
higher value in total weight loss, but the reason needs further
investigation. According to the general formula of MgAl-LDHs
and the value of Mg/Al employed in our study, we can
calculate a specific formula of [Mg3Al (OH)2](CO3)0.5·nH2O
(n = 2.2−2.3) for the as-prepared products. Due to the release
of a large amount of H2O and CO2 in the decomposition
process, the as-prepared MgAl-LDH nanoparticles have a
promising prospect to be used as efficient and environmentally
friendly fire-retardant additives.
Figure 8 exhibits two kinds of nanocomposite films, which

consist of PVA and the MgAl-LDH nanoparticles prepared

using an RPB (2400 rpm) with a hydrothermal treatment at
130 °C. The contents of MgAl-LDH nanoparticles in these
films are set to 10 wt %. Obviously, the (PVA/LDH)n (n = 1−
10) films are fabricated with high optical transparency. This
indicates that the PVA and MgAl-LDH nanoparticles still
maintain a well-dispersed state after evaporation of the solvent.
Compared with the (PVA/LDH)n films, the (PVA+LDH)n
films have almost the same excellent transparency, demonstrat-
ing a good compatibility and dispersibility between the PVA
and MgAl-LDH nanoparticles. In addition, all nanocomposite
films have outstanding flexibility. However, they are very sticky
when they are peeled off from the substrate, which is decided
by the nature of PVA. In fact, PVA has been widely used for
paper coating, so the as-prepared nanocomposite films have a
very high potential of being used for making refractory paper.
In addition, due to the excellent particle dispersibility, optical
transparency, and outstanding compatibility with certain
polymer materials, these transparent MgAl-LDH dispersions
may have rather extensive potential applications, such as in the
fields of optical devices, catalysts, biomaterials, and self-
assembled materials.

4. CONCLUSIONS
In this study, stable transparent dispersions of monodispersed
CO3

2−-intercalated MgAl-LDH nanoparticles were successfully
prepared without any surface modification using a high-gravity-
assisted coprecipitation approach in an RPB reactor, followed
by a hydrothermal process. The monodispersed nanoparticles
prior to hydrothermal treatment have an average particle size
of 31 nm, and the visible-light transmittance of nano-
dispersions can reach up to 77.4% at 555 nm. The RPB-
prepared products have smaller particle sizes, narrower size
distributions, and better visual transparency than those
prepared by STR. The reaction time is greatly shortened
from 20 min to 20 s, realizing a continuous synthesis. Further

Figure 6. (a) XRD patterns of MgAl-LDH nanoparticles prepared
using an RPB (2400 rpm) without or with a hydrothermal treatment
at different temperatures and (b) illustration of the possible formation
process of these particles.

Figure 7. TG analysis results of MgAl-LDH nanoparticles prepared
using an RPB (2400 rpm) without or with a hydrothermal treatment
at 130 °C.

Figure 8. Transparent nanocomposite films consisting of PVA and
MgAl-LDH nanoparticles prepared using an RPB (2400 rpm) with a
hydrothermal treatment at 130 °C.
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hydrothermal treatment can create regular hexagonal-shaped
LDH nanoparticles with increased sizes. The optical trans-
parency of nanodispersions can be well maintained. High ζ-
potential is considered as the main reason for the excellent
stability of dispersed MgAl-LDH nanoparticles. In addition,
transparent PVA-based nanocomposite films containing MgAl-
LDH nanoparticles were also fabricated by using the spin-
coating method and the layer-by-layer technique, demonstrat-
ing an excellent compatibility and dispersibility between PVA
and MgAl-LDH nanoparticles after evaporation of the solvent.
In summary, this approach provides an idea to prepare
surfactant-free transparent dispersions of monodispersed
MgAl-LDH nanoparticles, which may have a wide range of
potential applications in many fields, such as nanocomposites,
catalysts, transparent films, and self-assembled materials.
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