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Abstract 
Magnesium hydroxide (Mg(OH)2) was a kind of inorganic chemical products widely used 
as industrial retardant owing to its unique physical and chemical properties, while the 
agglomeration usually inhibited its applications. Thus the study of dispersion of 
Mg(OH)2 was the research hotspot recently. This paper studied the fabrication of 
dispersive Mg(OH)2 plates via treating agglomerated Mg(OH)2 in NaOH solution at room 
temperature, using the irregular agglomerated Mg(OH)2 plates with a primary size of 
0.5-3.0m and an average agglomerated size of 12.5 µm as the raw material. The 
experimental results indicated that after treating the raw material in 5.0 mol·L-1 NaOH 
solution for 72.0 h, which improved the crystallinity, inhibited the exposuring of (101) 
polarity plane and promoted the exposuring of (001) stable plane via dissolution-
recrystallization route. Thus prompted the conversion of the agglomerates to the 
dispersive Mg(OH)2 plates with a primary size of 0.2-1.0μm, an average agglomerate size 
of 2.3µm. 
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1. Introduction 

As a green inorganic chemical product, Mg(OH)2 is non-toxic, harmless and cheap with good pH 
buffering performance and has been widely used in the fields of inflaming retarding, wastewater 
treatment and sulfur elimination for smoke gas [1-6]. Mg(OH)2 as a flame retardant, is characterized 
by non-toxicity, smoke suppression and high thermal stability, etc. and has attracted much attention 
in recent years. However, Mg(OH)2 has a strong surface polarity, and the products synthesized by 
conventional methods (calcium hydroxide method, sodium hydroxide method, ammonia method, sol-
gel method) [7-9] are mostly agglomerated, and it has poor dispersion and compatibility when mixed 
with PVC and other high polymer materials, which reduces the processability and flame retardancy 
of the composites [9-15]. Hydrothermal modification can improve the crystallinity of Mg(OH)2, and 
reduce its surface polarity and thus dispersed products can be obtained. However, high temperature, 
high pressure, strong basicity and other severe conditions are required; this limits the further 
application of this method in industry [16-18]. 

This paper studied the feasibility of fabricating dispersive Mg(OH)2 by modification in NaOH 
solution at room temperature with agglomerated Mg(OH)2 as raw materials and discussed the process 
rules and dispersion mechanism. Therefore, a new way to prepare highly dispersive magnesium 
hydroxide powder has been established. 
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2. Test Method 

2.1 Test Materials 

The morphology, XRD spectra and particle size distribution of Mg(OH)2 raw materials are shown in 
Fig 1. The raw materials are agglomerated from 0.5–4.0 μm Mg(OH)2 plates, and the apparent particle 
size is 12.5 μm. 

 

 
Fig 1. Morphology(a), XRD patterns (b), and particle size distribution(c) of Mg(OH)2 raw material. 

2.2 Test Steps 

Separately prepare 150 mL of 1.0 mol·L-1 and 5. 0 mol·L-1 NaOH solution and 150 mL of deionized 
water respectively into 250 mL beakers, and separately weigh 7.5 g of Mg(OH)2 raw materials and 
add to prepare the suspension containing 5% solids; seal and stir for 72 h at room temperature, take 
samples every 12 h, filter, wash and dry naturally at room temperature, and grind to below 200 mesh 
for test. 

2.3 Analysis and Test 

Observe the morphology of the sample with a scanning electron microscope (SEM, JSM–6301F, 
Japan Electronics Corporation (JEOL)), analyze the sample composition with an X–ray powder 
diffractometer (XRD, D8 ADVANCE, Bruker, Germany), and test the apparent particle size of the 
sample with an X–ray photoelectron spectrometer (XPS, ESCALAB 250Xi, Thermo Fisher, USA) 
and a laser diffraction particle size analyzer (Mastersizer 3000, Malvern, UK). 

3. Results and Discussions 

3.1 Influence of Time on Dispersion of Products 

The agglomerated Mg(OH)2 raw materials were converted at room temperature (20°C) in 1 mol·L-1 
NaOH solution, and the morphology and particle size of the conversion products change with time, 
as shown in Fig 2. and Fig 3. respectively. After the agglomerated Mg(OH)2 was converted in the 1 
mol·L-1 NaOH solution at room temperature for 12 h, the spherical agglomerates disintegrated (as 
shown in Fig 2.a), and the average agglomerated particle size decreased from the 12.5 μm to 8.34 μm, 
but the plate particles were still relatively agglomerated. With the progress of the conversion, the 
agglomerated particles gradually dispersed. 48 hours later, the average agglomerated particle size 
decreased to 3.58 μm; 24 hours later, the product particle size was relatively uniform; 60 hours later, 
the average agglomerated particle size of the product decreased to 2.75 μm; 72 hours later, the product 
was in a monodisperse plate shape, and the average agglomerated particle size was 2.31 μm, the 
particle size was uniform, the edge morphology was relatively regular, and the plate particles 
increased. The results showed that the longer reaction time facilitates the dissolution and 
crystallization of Mg(OH)2 during the dispersion at room temperature in NaOH solution, thus 
promoting the dispersion of agglomerates. 
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Fig 2. Influence of time on morphology and dispersion of products at room temperature 

Reaction time (h): a-12, b-24, c-36, d-48, e-60, c-72. 
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Fig 3. Influence of time on particle size of products at room temperature 

Reaction time (h): a-12, b-24, c-36, d-48, e-60, c-72 

 

The changes in XRD spectra of the products during the dispersion in NaOH solution at room 
temperature are shown in Fig 4. With the progress of the reaction, the peak strength of the (001) 
polarity plane gradually increases. As the polarity of the (001) polarity plane is weak and the exposure 
increases, the surface polarity of the particles decreases, which can promote the dispersion of 
Mg(OH)2. 
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Fig 4. Influence of time on XRD spectra of products at room temperature 

Reaction time (h): a-12, b-24, c-36, d-48, e-60, c-72 

 

After the agglomerated Mg(OH)2 is converted in NaOH solution at room temperature for 72 h, a good 
dispersion effect can be achieved. Compared with hydrothermal method, this conversion process at 
room temperature requires less energy consumption and lower equipment requirements, achieving a 
significant ecological effect. 

3.2 Influence of NaOH on Dispersion of Products 

The morphology of products converted from the agglomerated Mg(OH)2 raw materials in NaOH 
solutions with different concentrations for 72 h at room temperature (20°C) is shown in Fig 5. The 
products obtained from the conversion in the pure water system are shown in Fig 5.a, in which the 
products are still seriously agglomerated and consist of Mg(OH)2 plates with a primary size of 1.5–3 
μm and an apparent agglomerate size of 12.3 μm, indicating that there is no obvious change in particle 
thickness and edge. The products obtained from the conversion in 1 mol·L-1 NaOH solution are 
different from those converted in the pure water system, as shown in Fig 5.b, in which the primary 
size of the conversion products decreases from 1.5–3 μm to 0.4–1.5 μm and the apparent agglomerate 
size decreases from 12.5 μm to 5.2 μm, and there is dissolution at the edge of the particle, which is 
related to the disintegration of the agglomerates. The products obtained from the conversion in 5 
mol·L-1 NaOH solution is monodisperse plate particles, as shown in Fig 5.c, in which the primary 
particle size decreases to 0.2–1 μm, the apparent agglomerate size decreases to 2.3 μm, the particle 
size is uniform and there is significant dissolution at the edge, and the thickness of the plate products 
increases. After the Mg(OH)2 agglomerates undergo a relatively sufficient dissolution–
recrystallization process in the highly concentrated NaOH solution, the well-dispersed plate products 
are fabricated. 

 

 
Fig 5. Influence of NaOH on morphology and dispersion of products at room temperature 

NaOH (mol·L-1): a-0, b-1, c-5. 

b c a 
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The apparent agglomerate size distribution of products obtained from the conversion of agglomerated 
Mg(OH)2 raw materials in NaOH solutions with different concentrations for 72 hours at room 
temperature (20°C) is shown in Fig 6. The particle size distribution curve of products converted in 
the pure water system is shown in Fig 6.a, in which large particles play a dominant role, and the 
particle size mainly falls within the range of 10–13 μm; the particle size distribution curve of products 
converted in 1 mol·L-1 NaOH solution is shown in Fig 6.b, in which their dispersion is significantly 
improved, but their particle size distribution is not uniform, and the particle size mainly falls within 
the ranges of 0.5–1 μm and 1.0–4.5 μm; the particle size distribution curve of products converted in 
5 mol·L-1 NaOH solution is shown in Fig 6.c, in which the particle size distribution is uniform and 
the particle size mainly falls within the range of 1–3 μm. 
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Fig 6. Influence of NaOH concentration on particle size distribution of products at room 

temperature, Concentration of NaOH (mol·L-1): a-0, b-1, c-5. 

 

The XRD spectra and crystallinity of products converted in NaOH solutions with different 
concentrations are shown in Fig 7. and Table 1. respectively. The data in the Figure and the Table 
show that when the NaOH concentration changes from 0 and 1.0 to 5.0 mol·L-1, the peak strength of 
Mg(OH)2 crystals (001) increases obviously, and the peak strength ratio I (001) /I (101) increases 
from 0.721 to 0.80 and 3.549. This indicates that with the increase of NaOH concentration, the 
exposure of (001) stable plane with weak polarity increases gradually, and that of (101) polarity plane 
with strong polarity decreases gradually and in the 5 mol·L-1 NaOH solution, the Mg(OH)2 crystals 
grow obviously along the axial direction, increasing the particle thickness. 
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Fig 7. Influence of NaOH concentration on XRD spectra of products at room temperature 

Concentration of NaOH (mol·L-1): a-0, b-1, c-5. 
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Table 1. Influence of NaOH on crystallinity of products at room temperature. 

NaOH Concentration/mol/L / 0 1.0 5.0 

Diffraction Angle 2θ (°)  (001) 18.516 18.595 18.564 

Crystal Size/nm  (101) 37.965 38.045 37.997 

I(001)/I(101)  (101) 22.6 22.7 22.8 

4. Conclusion 

In this paper, highly dispersive Mg(OH)2 can be fabricated via conversion from agglomerated 
Mg(OH)2 in NaOH solution at room temperature, with the following conclusions: 

1) The longer reaction time facilitates the dissolution-recrystallization of Mg(OH)2 during the 
dispersion and conversion at room temperature in NaOH solution, thus promoting the dispersion of 
agglomerates. 

2) The increased concentration of NaOH solution improves the exposure of (001) stable plane with 
weak polarity, and inhibits the exposure of (101) polarity plane with strong polarity and the crystals 
grow obviously along the axial direction, increasing the particle thickness and promoting the 
dispersion of agglomerates. 

3) When the raw materials are placed in 5 mol·L-1 NaOH solution for the reaction for 72 h at room 
temperature, the dispersive Mg(OH)2 plates with a primary size of 0.2–1.0 μm and an agglomerate 
size of 2.3 µm can be fabricated. 
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