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Cube-like magnesium hydroxide nanoparticles were synthesized by ammonia gas (NH;) bubbling in the magnesium chloride (MgCl,)
solution. The whole preparation did not require any modification such as hydrothermal treatment or surfactants. X-ray diffraction, scanning
electron microscopy, laser particle size analyzer and thermo-gravimetric analyses have been employed to characterize these products. The |
influence of synthesis parameters on the magnesium hydroxide was investigated,such as types of base precipitants, reaction time and |

INTRODUCTION

Inorganic compound magnesium hydroxide as a smoking-
and toxic-free additive has been extensively used in halogen-
free flame-retardant polymeric materials. However, its fatal
disadvantages are low flame-retardant efficiency and thus very
large usage amount, which lead the mechanical properties of
a flame-retardant polymeric material to drop down sharply.
The surface modification of magnesium hydroxide in order to
increase the compatibility between magnesium hydroxide
particles and polyolefin can enhance the performance of
composites. Unfortunately, the enhancement is so slight that
the composites are still far away from their applications.
Nanosized magnesium hydroxide has a possibility to solve
the above problems because of the mechanical and flame-
retardant reinforcing functions of nanosized composite
materials'.

Nanosized magnesium hydroxide crystalline belongs to
the hexagonal system, possessing an advantageous arrange-
ment for the formation of platelet like crystals. Magnesium
hydroxide may adopt different morphologies and sizes which
in turn play critical roles in determining their different chemical
and physical properties. These can be realized by several
chemical processes. For examples, the flower-, needle- and
rod-shaped particles were synthesized by precipitation reaction
of a magnesium salt and an alkaline solution. While the
lamellar- and the tube-shaped magnesium hydroxide could
be prepared through hydrothermal reactions. According to
literature reports®'’, microwave-assisted synthesis, pulsed

temperature. The growth mechanisms of magnesium hydroxide were also discussed. |
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laser ablation of Mg, electrolysis of an aqueous magnesium
salt solution, the hydrothermal reaction of magnesium oxide
could also be used to control magnesium hydroxide particle
sizes and shapes. All of these dealt with the crystallization,
growth and aggregation behaviours of magnesium hydroxide
crystals.

Compared with ammonia water and caustic soda as
precipitant, the magnesium hydroxide prepared with gaseous
ammonia has high purity and easy to filter. In present work,
well-defined cubic magnesium hydroxide nanoparticles were
firstly synthesized by ammonia bubbling method, blowing NH;
into MgCl, solution without any modification such as hydro-
thermal treatment or surfactants. The objective of this paper is
to investigate how to influence the magnesium hydroxide
particle size, shape and agglomeration in NH; bubbling reactors.
In addition, the obtained magnesium hydroxide was analyzed
with XRD, SEM,TG-DTA and laser particle size analyzer to
determine its morphology and crystal structure.

EXPERIMENTAL

Preparation of magnesium hydroxide: The samples were
obtained by precipitation, at a controlled temperature 20 °C-
90 °C, of 200 mL magnesium salt solution of concentration 1
mol/L, by addition of NH; flux 195 mL/min. Vigorous stirring
500 rpm was applied during the NH; bubbling. The suspension
was kept at 105 °C for 2 h. The resulting precipitates were
removed from the solution, rinsed three times with deionized
water and then, dried in a vacuum desiccator at 50 °C for 5 h.
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Characterization of magnesium hydroxide: The mor-
phology and elemental analysis of the magnesium hydroxide
products were examined by scanning electron microcopy at
acceleration voltage of 10 kV (SEM, JSM-6360LV) and X-
ray diffraction (XRD, a Bruker Ds advance diffractometer, with
CuK, radiation (A = 0.1540562 nm)), respectively. Thermo-
gravimetric analyzer (TGA, NETZSCH STA449C) was used
to identify the thermal behaviour of the products. The sample
was heated under air atmosphere from ambient to 700 °C at a
heating rate of 15 °C min™. The size distribution of magnesium
hydroxide was characterized by laser particle size analyzer
(BT-9300H, Dandong Baite Products Co. Ltd., China).

RESULTS AND DISCUSSION

XRD Analyses of magnesium hydroxide: Fig. 1 displays
the XRD patterns of the sample 1 (at 75 °C) without surfactants
in the preparation. No impurities have found in the diffraction,
which was attributed to the pure NHj as precipitant. The
corresponding XRD pattern (Fig. 1) coincided well with the
position and the relative intensities for the powder diffraction
standards of magnesium hydroxide (ICDD 84-2164). Compa-
ring looi/101 ratios, it can be seen that the resultant magnesium
hydroxide exhibited a higher crystallinity and Ii/1,0; ratio of
1.09, which indicated a more pronounced orientation. The
[001] polar property was more weak than [101] polar, which
would decrease the internal stress and surface polarity of
magnesium hydroxide resulting in the more stable structure
of magnesium hydroxide.

Qoo
001 101 ——sampke-1 data - background
e | sample-1 peaks

00—
600 —
500 —
400 —

i 102
£ 110

200

100 \\ 0 jt m o103
1200 . A . A A}

——84-2164 Magnesium Hydrocide

Intens

1000—
300 —
600 —

400—

I S I T

100 200 300 400 500 600 0.0 800
2-Theta

Fig. 1. XRD pattern of sample 1 and PDF2-2003 No.84-2164

TG-DTA analyses of magnesium hydroxide: TG-DTA
technique in Fig. 2 was used to analyze the thermal behaviour
of the sample 1 and thus could provide the necessary data for
the following decomposition process. The decomposition
temperature, which was the temperature at which maximum
rate of weight loss occurs, was about 392.3 °C. The stage was
ended at 570 °C,which was corresponded to the decomposition
of the magnesium hydroxide, Mg(OH),= MgO + H,O. The
theoretical weight loss for the Mg(OH), -MgO transformation

was 30.8 %, which was slightly higher than the observed 30 %.
We ascribed it to the incompleteness of the decomposition
reaction in this temperature range. According to the DTA line,
the thermal decomposition was obvious from 358.9 °C to
395.9 °C with weight loss 25.2 %, which account for 81.6 %
in total weight loss. The maximum endothermic peak occurred
at 392.3 °C.
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Fig. 2. TG-DTA curves of sample 1

Influence of reaction time: As shown in Fig. 3, when the
reaction time was 1 h at 75 °C, magnesium hydroxide crystals
took lamellar shape completely. Furthermore, the particles
diameters size and thickness increased with the increase of
reaction time. Considering the magnesium hydroxide yield
and particle size, 2 h was applied in the following experiments.

Fig. 3. SEM of magnesium hydroxide synthesized at different time (a-1h,
b-2h-sample 1, c-4h)

Influence of reaction temperature

Particle size distribution of magnesium hydroxide:
Fig. 4 shows the temperature effect on the particle size distri-
bution. It was found that magnesium hydroxide size mostly
decreased as increasing the reaction temperature. The mean
particle size of sample 1 was 0.74 um at 75 °C. The result was
better than other temperature.

SEM images of magnesium hydroxide: Fig. 5 shows
the SEM images of magnesium hydroxide crystals obtained
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from the 1.0 mol/L MgCl, solution at 20, 40, 55, 75 and 90
°C. Temperature exerted a strong influence on the resulting
morphology and aggregation behaviour of the magnesium
hydroxide particles.
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Fig. 4. Particle size distribution of magnesium hydroxide at different
temperature (20 °C, 55 °C, 75 °C, 90 °C)

Fig. 5a, b exhibit a sunflower-shaped superstructure com-
posed of magnesium hydroxide sheets and aggregated severely.
Fig. 5c, d present the thinner lamellar shaped crystals. The
obtained samples exhibited the same aggregation phenomenon

Fig. 5. SEM micrographs of magnesium hydroxide at different temperature
(a, b- 20 °C, c, d-40 °C, e, -55 °C, g, h- 75 °C-samplel, i, j-90 °C)

of magnesium hydroxide platelets. Fig. Se, f also present the
platelet-like crystals and their lamellar aggregates. The particle
size distribution was improved and shape became more regular.
While the synthesis at 75 °C produced the typical cube-like'
feature displayed in Fig. 5g, h. It can be clearly seen that the
rough lamellar crystals have turned into the well-defined cubic
morphology with perfectly smooth surface and narrow size
distributions (D 50 = 0.74 mm). When the temperature was
controlled at 90 °C, the magnesium hydroxide particle size
increased and specific surface area decreased. Comparing the
conditions above, the temperature had to be driven at 75 °C in
order to get desirable inflaming retarding products. It was to
be emphasized that all the experiments and SEM pictures were
conducted without dispersing agent, which presented the primi-
tive shape. On a morphological point of view, the resulted
samples experienced from irregular lamellar to the thick cube-
like feature with the temperature increased.

Growth mechanism of magnesium hydroxide: By
means of bubbling NHj; at the aqueous solutions could result
in magnesium hydroxide with the sunflower-like structures at
20 °C and with the platelet-like crystals at 40 °C and with the
cube-shaped superstructures at 75 °C. By the results listed
above, the plausible formation process of cube-shaped
magnesium hydroxide was schematically illustrated in the
following.

Although the exact formation mechanism of these samples
was still under investigation, it was obvious that surface energy
places an important role. Bonding between particles could
reduce total energy by removing surface energy associated
with unsatisfied bonds. Generally, there were strongly bound
water molecules on the surface of magnesium hydroxide
colloids, because Mg ion prefer binding to water. Thermo-
dynamically, the primary driving force of growing magnesium
hydroxide microspheres was to minimize the surface energy
of magnesium hydroxide nanosheets by removing surface
energy associated with unsatisfied bonds. Individual
nanosheets tend to aggregate perpendicularly to their surface
planes to decrease the surface energy by reducing exposed
areas (Fig. Sa-f).

On the other hand, the supersaturation and the pH value
of the solution played a significant role on the crystal growth.
As shown in Fig. 6, after the fast nucleation of magnesium
hydroxide, the slowly diffusing rate of NH; had nearly no
influence on the chemical reaction, because that, after 1h, the
pH value of bulk phases was nearly constant in the continuous
operation (about 9.9). This was apt to perform products with
uniform morphology (Fig. 5g-j). The major chemical reactions
in this buffer solution can be formulated as:
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NH; + H,O — NH,OH; AH= -34.5 kJ mol" (D) 60
MgCl,+ 2NH,OH — Mg(OH),J + 2NH,CI; 1

AH =-178.1 kJ mol™ 2)

A large amount of NH4Cl in the solution resulted in the

decrease of ionization rate of NH;-H,O, so the formation rate

of OH™ was decreased. This system offer a kind of subtle condi-

tions that were similar to the homogeneous precipitation of

OH  ions released from urea, which was chemically favourable
to the self-assembly of magnesium hydroxide'®.
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Fig. 6. pH of solution as a function of time

Furthermore, two factors may result in the formation of
cube-like nanocrystals with the increase of temperature: (1)
from the chemical reaction, it can be seen that an increase of
temperature restrains the reaction rate for the exothermic
reactions; and (2) the NH; solubility in solution are strongly
affected by the reaction temperature, which have the same
effect on the OH™ concentration. As seen in Fig. 7, solubility
of ammonia in water decreased rapidly with the increase of
temperature. At 20 °C, the NHj; solubility was about 33 mol/L
resulted in a high OH™ concentration. There were numerous
small particles, which provided many high-energy sites around
Mg(OH)¢""". The rapid speed of nucleation and severely
aggregated magnesium hydroxide nuclei could result in poor
crystalline (Fig. 5a,b). When the temperature was increased,
the NHj; solubility rapidly decreased and the exothermic reac-
tion was limited. The two factors directly resulted in the slow
rate of the reaction. The nucleation progress was controlled
and the crystal growth approach anisotropy. More important,
the continuous feeding of magnesium atoms on the surface of
spherelike microparticle could diffuse into two directions:
circumferential diffusion and diffusion parallel to the tuber
axis ([001]). It was the consequent supply of magnesium ions
and the Ostwald ripening that caused sheets to become the
relatively thick platelets. Finally, regular cube-like magnesium
hydroxide particles were formed (Fig. 5 g, h). As it is difficult
to monitor the reaction once the system is sealed, quantities
of work are needed to investigate the kinetics of the reaction.

Conclusion

In summary, cube-like magnesium hydroxide nano-
particles were firstly synthesized via a simple NH; bubbling
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Fig. 7. Solubility of ammonia in water at atmosphere

process. The method did not require any surfactant, which
would allow researchers to investigate the growth mechanism
of the magnesium hydroxide nanoparticles in more natural
conditions. The properties of the products were analyzed by
XRD, FESEM, laser particle size analyzer, TG-DTA measure-
ments. The resulted magnesium hydroxide was about 150-
500 nm in mean particle size (D 50) and 100-200 nm in thick-
ness. Interestingly, temperature exerted a strong influence on
the resulting morphology and aggregation behaviour of the
magnesium hydroxide particles. In comparison with conven-
tional methods, the new approach is simple and more suitable
for industrial scale production.
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