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Abstract: Mg(OH)2 nanoparticles has been successfully 

synthesized by means of the hydrothermal method. The 

effect of the reaction time and the synthesis temperature on 

the nanoparticles obtained has also been studied. The 

physic-chemical properties of the synthesized brucite 

samples have been characterized by X-Ray-diffraction 

(XRD), scanning electron microscopy/energy dispersive 

X-rays analysis (SEM/EDX), transmission electron 

microscopy (TEM), high-resolution transmission electron 

microscopy (HRTEM), thermogravimetry/ differential 

scanning Calorimetry (TG-DSC) and in situ high-

temperature X-ray diffraction (XRD). The influence of the 

synthesis parameters in the brucite samples has been 

discussed in detail. Furthermore, it has been shown that the 

increase of temperature from 180 to 200ºC improves the 

crystallinity degree of Mg(OH)2 nanostructured particles 

and also, promotes the formation of plates with bigger 

uniform size. As well, the increase in the time reaction 

induces the formation of bigger size brucite plates. So, this 

hydrothermal method has been shown to be a really 

promising method for the large scale production. 

Key words: magnesium hydroxide; brucite; hydrothermal 

method; morphology; crystallization 

 

1. INTRODUCTION  
 

Nowadays, the interest in crystalline magnesium 

hydroxide (Mg(OH)2) is rapidly growing due to the fact 

that this important inorganic material has multiple 

applications in industry (Al-Hazmi et al., 2012), 

medicine (Janning et al. 2010) or in the conservation of 

cultural heritage (Gomez-Villalba et al.,2011; Chelazzi 

et al.,2013) thanks to its physical and chemical 

properties. Therefore, this metal hydrate offers several 

great advantages, such as a good thermal stability, good 

fire retardant properties, a low toxicity and a low cost 

(Kumari et al., 2009). Furthermore, the nanocrystalline 

magnesium hydroxide has attracted an important 

interest for its significant antibacterial activity (Dong et 

al., 2010). As a new flame retardant, magnesium 

hydroxide is widely used in different products, such as 

polymeric materiales, providing them new important 

properties and applications (Ulutan et al., 2000; Moreira 

et al., 2013). In addition, the magnesium hydroxide 

presents favorable CO2 adsorption properties (Fagerlund 

et al., 2011). Recently, Chang et al., 2014 have 

researched the influence of Mg(OH)2 content on the 

carbonation process of calcium hydroxide, which 

provide interesting results on the enhancement of the 

carbonation efficiency. On the other hand, the 

nanocrystalline brucite is an important precursor of 

magnesium oxide (MgO) (Zhang et al., 2014), which 

has attracted a significant interest due to its high surface 

reactivity and properties. The method used to obtain the 

nanoparticles is a key factor to enhance the suitability of 

these nanomaterials. The control of the synthesis 

conditions is necessary in order to obtain nanoparticles 

with specific morphologies, nanometric particle sizes, 

narrow particle size distribution, appropriate 

dispersability and crystallographic structures. Therefore, 

the preparation process of magnesium hydroxide 

nanoparticles has been the main focus of an important 

number of studies. So far, Mg(OH)2 nanocrystals with 

different morphologies, such as nanotubes, hexagonal 

nanoplates, globular agglomerates or needle-like have 

been synthesized by means of the solvothermal method 

(Fan et al., 2003), the bubbling method (Li et al., 2010), 

the microwave-assisted technique (Beall et al, 2012) or 

even using the hidrating method of MgO (Qian et al., 

2007) and the hydrothermal method (Wang et al., 

2014). Among all of them, the hydrothermal synthesis is 

one the most widely employed techniques for the 

synthesis of nanocrystalline brucite (Wu et al., 2006). 

An important number of studies have proven that this 

method is one of the simplest, effectivest and low-cost 

way to synthesize brucite crystals (Jin et al., 2008). Our 

previous studies have focused on the production of 

Mg(OH)2 nanoparticles by hydrothermal method to a 

synthesis temperature of 180ºC (Sierra-Fernández, et al. 

2014). To our knowledge, additional research are 
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required to evaluate the influence of synthesis 

parameters on the properties of the particles obtained in 

order to make possible the large-scale production of 

these nanomaterials. Thus, in this study the controlled 

preparation of Mg(OH)2 nanostructures with different 

properties, at different synthesis temperature and 

reaction time has been reported.  

 

2. EXPERIMENTAL CONDITIONS  

 

All the reagents used in this study were analytically 

pures and were used without further purification. The 

water used was distilled and desionized. In a typical 

preparation process, 0.24 g of magnesium nitrate 

hexahydrate (Mg(NO3)2 • 6H2O) was dissolved in 10 

ml high-purity water. Then, 2 ml of hydrazine 

hydrate (N2H4 • H2O) were added dropwise to the 

Mg(NO3)2 solution under constant strirring. The 

resulting mixture was vigorously stirred at room 

temperature until a clear and uniform solution was 

made. Finally, the obtained solution was transferred 

into a Teflon-lined stainless steel autoclave, which 

was sealed and hydrothermally treated at a constant 

reaction temperature in between the range of 180-

200ºC for 12 hours. 
The purity and the crystalline structures of synthesized 

Mg(OH)2 particles were evaluated by the X-ray 

diffractometer (Philips X´pert) using CuKα radiation 

(λ=1.54 Å) in the range of 2Ѳ value between 15
◦
 and 70. 

The average crystallite size of the products was 

determined from broadening of its main indexed peaks 

using the Scherrer formula. The formula is 

D=Kλ/βcosθ, where λ is the wavelength of the X-ray 

radiation (in Å), K is a constant taken as 0.9, β the full 

width at half maximum height (FWHM) and θ is the 

diffraction angle (in rad) used in calculus. The 

morphological study and chemical composition of the 

samples were conducted by Scanning Electron 

Microscopy (SEM), using a Philips XL 30/EDS D×4, 

with the surface of the samples coated with a thin gold 

layer to avoid a charging effect. Transmission electron 

microscope (TEM, JEOL JEM 2100) and high-

resolution transmission electron microscope (HRTEM, 

JEOL JEM 3000F) analyses were conducted to study 

the microstructure of the magnesium hydroxide 

nanoparticles employing an accelerating voltage of 200 

kV and 300Kv. Selected area electron diffraction 

(SAED) was used to confirm the crystalline phases. The 

samples for TEM and HRTEM studies were 

ultrasonically dispersed in acetone and then deposited 

on holey carbon copper grids. The distribution and 

average size of the nanostructures obtained were 

determined from TEM images using the Digital 

MicrographTM (DM, Gatan Inc.) software. 

Thermogravimetric (TG) and differential scanning 

calorimetric (DSC) analysis of the magnesium 

hydroxide particles was carried out on a simultaneous 

thermal analysis instrument (TGA, DSC Perkin-Elmer 

STA 6000) from 50 to 900 C with heating rate of 

5 C/min
¯
¹ under N2 atmosphere (flow rate 20 mL/min). 

In situ high-temperature X-ray diffraction (XRD) 

patterns were collected at 25 to 300ºC at intervals of 

50ºC, and between 300 and 450ºC at intervals of 25ºC, 

to 500 and 600ºC with a Philips X'Pert PRO MPD 

powder diffractometer provided with an Anton Paar 

HTK 1200 furnace chamber. The samples were heated 

in an air atmosphere at 10ºC min
¯¹
 and then allowed to 

stabilise for 5 min at the required temperature before its 

XRD was recorded. 
 

3. RESULTS AND DISCUSSION 

 

The crystalline nature of the magnesium hydroxide 

nanoparticles was confirmed by the analysis of XRD 

pattern as shown in Fig. 1. This figure shows the X-ray 

diffraction (XRD) patterns of the as-prepared samples 

A, B and C obtained by using the hydrothermal method at 

different synthesis temperatures (180ºC and 200ºC) and 

reaction times (4 and 12 hours). As it can be seen, these 

XRD patterns exhibited the characteristic diffraction 

peaks corresponding to the (001), (101), (102) and (110) 

planes of the Mg(OH)2 structure (JCPDS no. 44–1482, 

space group P-3m1 with unit cell parameters (a)=3.144 

Å and (c)=4.777 Å). No XRD peaks arising from 

impurities or secondary phases were detected, 

suggesting a complete synthesis reaction. Nevertheless, 

the relative intensities of Mg(OH)2 (001) peak are 

stronger than the diffraction peak for the plane (101).  

 

 
Fig. 1. XRD patterns of Mg(OH)2 nanoparticles obtained at 

various synthesis conditions. (A) 180ºC, 4 h; (B) 180ºC, 12 

h and (C) 200ºC, 12h. 

 

This weakening of the diffraction intensity in the (101) 

plane could be caused by the preferred growth 

orientation of the brucite crystals according to the 

experimental conditions in the synthesis (Wu et al, 

2006). In addition, an important increase of the 

crystallinity degree was detected in the samples 
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obtained at 200ºC. According to Wang et al, (2011) and 

Chen et al, (2008) the crystallization of the brucite 

nanoparticles could be improved at higher temperatures.  

The average grain size could be calculated from the 

Scherrer´s formula using the most intense peaks, 

(001) and (101). The results are summarizes in Table 

1. As shown, with the increasing of the synthesis 

temperature and the reaction time, the Mg(OH)2 

crystallite size increase from 28 to 48 nm. 

 
Table 1. Variation of crystallite size considering the two 

most intense diffraction peaks (001) and (101) of the 

Mg(OH)2 nanoparticles, obtained at precursor quantity of 

0,24g of magnesium nitrate hexahydrate (Mg(NO3)2 • 

6H2O) and 2 ml of hydrazine hydrate (N2H4 • H2O) 

 

The results of the Scanning Electron Microscopy (SEM) 

revealed important differences in the particle size and 

the morphology of the Mg(OH)2 obtained. Fig. 2. shows 

the SEM micrographs of the Mg(OH)2 nanoparticles. 

These results showed that the synthesis parameters 

exercise a strong influence on the morphology and the 

particle size of the particles obtained. Thus, the image of 

sample A in Fig. 2a depicts flake shaped particles with 

the average of the longer side being about ~60 ±20nm 

and having a thickness of ~8 nm. As it can be seen in 

Fig.2b, it was possible to observe that with the increase 

of the time reaction, the size of the sample increased to 

~170±30nm. Futhermore, sample B presents well-

defined hexagonal nanoflakes, which are consistent with 

the crystallographic characteristics of Mg(OH)2 (Xue, et 

al., 2009). Interestingly sample C, in the Fig.2c, shows 

that the increase of temperature from 180ºC to 200ºC 

promoted the formation of plates with a bigger and 

uniform size of ~210±40nm. This increase in the size 

together with the increase of the temperature has also 

been observed at temperatures up to 180ºC (Sierra-

Fernández et al., 2014). The EDX spectra of the 

samples show the composition of particles consists of 

Mg and O elements without any impurities. These 

results have confirmed a high chemical homogeneity of 

the magnesium hydroxide samples after analyzing 

several areas of each sample. The strong X-ray peaks 

associated with the presence of aluminum (Al) and gold 

(Au) in the EDX spectra were assigned to the Al bottom 

and the gold coating deposited in the surface of the 

samples respectively, which should be ignored. 

The morphology and microstructure of the 

magnesium hydroxide particles have addtional been 

analyzed by TEM and HRTEM. These data were 

correlated with the previous results obtained from the 

XRD and SEM studies. The Fig. 3 (a,b and c) shows 

the low magnification TEM micrograph of the 

Mg(OH)2 nanoparticles. Fig. 3a indicates that the 

sample A, obtained at the synthesis reaction time of 4 

hours at 180ºC was composed of particles of ~70 to 

100 nm whereas Fig. 3b reveals that sample B are 

larger hexagonal shape particles (~200±20nm) and 

more agglomerated. 
 

Fig. 2. Scanning electron micrographs of low and the inset 

at high magnification and EDX analysis of Mg(OH)2 

nanoparticles synthesized at (A) 180ºC, 4h; (B) 180ºC, 12h 

and (C) 200ºC, 12h via hydrothermal method 
 

This tendency to grow the particle sizes with the 

increase in temperature was also confirmed in sample 

C. Thus, the increase of temperature from 180ºC to 

200ºC was found to lead to the formation of particles 

with bigger size of ~270±40nm. This progressive 

increment in the size of particles with the increase in 

the temperature was also observed by several authors 

(Xiang et al., 2004; Wu et al., 2006). High resolution 

transmission electron microscopy (HRTEM) 

observations were performed in order to study the 

atomic structure of the magnesium hydroxide 

samples obtained. The images revealed that the 

nanoparticles are well cristallized, being somewhat 

ordered at the atomic scale (Fig.3d and e).  

The thermogravimetric analysis (TGA) and the 

differential scanning calorimetry (DSC) were used to 

study the thermal decomposition and stability of the 

magnesium hydroxide nanoparticles. A significant 

weight loss was observed in the brucite samples when 

the reaction temperature was higher than 300°C. 

Sample 

Reaction 

temperature 

(ºC) 

Reaction 

Time (h) 

Particle 

size 

(nm) 

Crystallite 

size (nm) 

A 180 4 70 ±30 28±4 

B 180 12 200±20 45±4 

C 200 12 270±40 48±5 
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Fig. 3. Low magnification Transmission electron micrographs 

of Mg(OH)2 nanoparticles obtained at 180ºC for 4 hours (a), 

180ºC for 12 hours (b) and 200ºC for 12 hours (c). HRTEM 

images of the brucite nanoparticles synthesized at 180ºC for 4 

hours (d) and 180ºC for 12 hours (e). Inset d and e shows a 

higher zoom of part of Fig. 3.d and e, respectively. 
 

These weight loss corresponds to the thermal 

decomposition of dehydroxilation of Mg(OH)2. Fig. 4 

shows the TG and DSC curves for the degradation of 

sample A. As can be seen, the DSC signal shows an 

endothermic peak, around 368ºC, attributed to the 

decomposition of brucite at this temperature, which is 

close to those determined by other authors (Rothon et 

al., 1996). The weight loss experienced between 

343ºC to 388ºC exhibits a 29 wt% weight loss, which 

is close to the theoretical weight loss of the pure 

Mg(OH)2(30.8wt%). In addition, in order to study the 

transition phase process and the effect of the 

atmosphere on the stability of Mg(OH)2 

nanoparticles, the samples were heated in the air and 

the XRD were recorded. Fig. 5 shows XRD data 

collected for the sample A over a temperature ramp-

up range of 25-600ºC. These results were in 

concordance with the previous TG-DSC analysis. As 

it can be seen, all the peaks attributed to the brucite 

sample, corresponding to the (001), (102) and (110) 

planes of the brucite phase (Mg(OH)2, JCPDS 44-

1482) and, whose intensities decreased throughout 

the experiment, are in existence before 350ºC. These 

diffraction peaks attributed to the Mg(OH)2 crystal 

become undetectable at 375ºC. From this temperate, 

it can be seen the peaks corresponding to the (200) 

and (220) planes of the periclase phase (MgO, JCPDS 

87-0653), can be seen, confirming the Mg(OH)2 to 

MgO phase transformation. Therefore, all the 

magnesium hydroxide nanoparticles obtained showed 

an important thermal stability with interesting 

properties for its use as a flame retardant material. 

Fig. 4. TG-DSC curves of the thermal decomposition of 

sample A, heated in nitrogen (N2) flow. 

 
 
 

 
Fig. 5. In situ HXRD patterns of sample A, synthesized at 

180ºC for 4 hours. B represents the peaks of brucite 

(Mg(OH)2), P the peaks of periclase (MgO) and Al the peaks 

assigned to the diffraction of Alumina (Al2O3) bottom, not 

considered.  

 

4. CONCLUSIONS 
 

We have successfully synthesized the Mg(OH)2 

nanoparticles with different morphologies by 

hydrothermal method under different temperatures of 

synthesis and reaction times. All the brucite samples 

showed the existence of differences in the 

morphology, particle size, agglomeration level in 

function of the time reaction and the synthesis 

temperature. In this way, larger reaction times bring 

about the growth of well-defined nanoplates of 

magnesium hydroxide with a bigger and more 

uniform size with brucite structure. It was also 

possible to show an important increment of the 

crystallinity degree and larger particle sizes on the 

Mg(OH)2 nanoparticles at higher temperatures 

(200ºC). In addition, the different samples of 

magnesium hydroxide obtained, showed interesting 

properties for its use as flame retardant due to its high 
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thermal stability. The hydrothermal method has 

proven its effectiveness as a simple and efficient way 

to obtain Mg(OH)2 nanoparticles of high purity. 
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