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Abstract: The hydrothermal modification of Mg( OH)  crystals in NaOH solution was investigated. The aggregated M
y g gareg g
OH) , particles with irregular shape are converted to regular Mg( OH) , hexagonal plates after hydrothermal treatment.
g g g y

The prolongation of reaction time from 174 h or the increase of temperature from 140 C to 200 C can promote the for-

mation of Mg( OH) ; plates with big particle size but small cluster size. The dispersion characteristics of the hydrothermal

products are improved owing to the improvement of Mg( OH) , crystalline degree and the increase of I (go1)/ I (101) ratio.

The proper hydrothermal modification condition is as follows: solid content 0. 075 g/ mL, NaOH concentration 5. 0 mol/

L, temperature 200 C and time 4 h. Thermodynamic analysis indicates that the increase of MgOH" concentration at ele-

vated temperature or the increase of OH™ concentration in concentrated NaOH solution is favorable for the hydrothermal

formation of Mg( OH) , particles.
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1 INTRODUCTION

Inorganic hydrates are commonly used in flame
retardant composites due to their ability to undergo
endothermic dehydration in fire conditions. T here is a
growing interest in magnesium hydroxide ( Mg
(OH)2) as a flame retardant filler that does not pro-
duce toxic and corrosive substances upon combustion.
Mg(OH) > decomposes to MgO with release of H,0.
The decomposition starts at about 300 C and the as-
sociated endotherm is about 1 450 J/g, which has a
good match for many polymer systems. Since flame
retardant fillers are usually used at high loadings,
close to the maximum values that polymers can toler-
ate, Mg(OH), particles with regular shape and high
dispersion degree are expected if acceptable compos-
ites are to be obtained !

Mg(OH) > can be obtained by several methods,
i. e. hydration of MgO, precipitation of a magnesium
salt with an alkaline solution, and electrolysis of an
aqueous magnesium salt solution. Industrial produc
tion of magnesium salt solution is mainly driven by
the two former methods. However, Mg( OH) > parti
cles synthesized at room temperature are easy to ag-
gregate with each other, causing a lack of compatibil-
ity and the decrease of mechanical properties of com-

positel* *1. The normal Mg( OH), particles usually
have a predominant growth in ( 101) direction, which

makes the surface of Mg( OH) 2 quite active since the

crystal lattices in ( 101) direction often show a big

strain!

61, One effective approach to improve the dis-
persion of Mg( OH) 1 is to re crystallize the particles at
hydrothermal conditions to inhibit the growth of
Mg(OH), along ( 101) direction. It was reported
that the specific surface area ( BET) or the cluster
sizes of Mg( OH), particles decreased obviously after
treating the normal Mg( OH) 2 in CaCl, or ammonium
[7- 81 The shortcom-

ings of the former method were that the Ca content in

solutions at elevated temperature

the hydrothermal product was usually beyond the lim-
itation of retardant and the morphology of Mg( OH)»
particles was irregular.

The objective of this paper is to investigate the
variation of morphology, structure and dispersion
characteristics of Mg ( OH ), particles under hy-
drothermal condition in NaOH solution. Hydrother
mal method is developed to inhibit the growth along
(101) direction and to promote the growth along
(001) direction, yielding hexagonal plate formed
with high dispersion degree.

2 EXPERIMENTAL

2.1 Raw material

Mg(OH) > powder provided by Nafine Chemical
Industry Group Cooperation Limited was used in the
experiments. The raw material was composed mainly
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of irregular thin plates with a diameter of 0. 27 1. 4
Pm and a thickness of about 0. 04 Hm. Clumps of
plate with a “blossom petal” structure were commonly
observed in the scanning electron microscope( Fig. 1
(a)). XRD analysis indicated that the raw material
were composed of the Mg ( OH), phase, with the
strongest intensity at ( 101) plane( Fig. 1(b)). The
average cluster size of the raw material was 14. 5 Mm.
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Fig.1 Morphology(a) and XRD pattern(b)
of asreceived M g( OH) » pow der

2.2 Experimental procedure

3.0 g Mg(OH)» powder and 40 mL 3.0~ 5.0
mol/ L. NaOH solution were placed in a small polyte-
trafluoroethylen lined stainless steel autoclave with an
inner volume of 80 ¢cm’. The autoclave was then
heated(5 ‘C/min) to 140 =200 C and kept for 1~ 4
h under stirring condition ( 770 r/ min). After hy-
drothermal treatment, the autoclave was cooled down
to room temperature in air, and the product was
washed with distilled water, filtrated and dried at

105 C for 12 h.

2.3 Analysis

Samples of Mg( OH), powder were re-dispersed
in water and a micro-drop was allowed to dry on a
carbon substrate for FSEM examination. The struc
ture of powder was characterized by powder X-ray
diffractometry ( XRD). The cluster size was investi-
gated with a laser particle size analyzer. The average

diameter of the Mg( OH), particles for each sample
are estimated roughly by directly measuring that of
about 200 particles from the typical FSEM images.

3 RESULTS AND DISCUSSION

3.1 Morphological variation of Mg( OH) , particles
with hydrothermal condition

Fig. 2 shows the morphologies of Mg( OH) > par-
ticles at different hydrothermal conditions. The hy-
drothermal treatment made at the temperature below
180 C or for a time shorter than 3 h gives rise to the
small plate-shaped particles with a more or less circu-
lar contour, as displayed in Fig. 2(a), (b), (e) and
(f). Larger, more regular hexagonal plates form with
the prolongation of reaction time to 3 4 h or the rise
of temperature to 180 =200 ‘C. Water at high tem-
perature shows a low viscosity and a high dissociation
constant, which favors the electrolytic interactions,
lowers kinetic barriers and accelerates the ripening
processes, leading to the improvements in the mor

phology of the Mg( OH) , samples!* !

3. 2 Structural variation of Mg( OH), particles
with hydrothermal condition

Fig. 3 shows the XRD patterns of the Mg( OH) »
samples after hydrothermal treatment in NaOH solu-
tion at 140~ 200 C for 1 ~ 4 h. Compared with the
raw material( Fig. 1(b)), the hydrothermal products
show an obvious increase of XRD intensities( Fig. 3),
indicating an overall enhancement of the crystalline
after hydrothermal treatment. Moreover, the fact
that the predominant peak changes from ( 101) to
(001) imply that the growth direction of Mg( OH)»
crystals alter at elevated temperatures, producing
crystals with less (101) plane exposing. Table 1 lists
the variation of Igo1)/ I (101) with reaction time and
temperature.
The I(oo1y/ 1101y ratios of the hydrothermal sam-

ples, which are much higher than those of the raw

Table 1 Variation of ](001)/ ]( 101) with

reaction time and temperature

Time/ h Temperature/ C I oony/ I (101
1 13
2 1.6
3 4.8
4 5.8
140 2.1
160 3.6
180 4.0
200 5.0

I(()()]) / I( 101) ( raw material) =0.58
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Fig.2 Morphology variation of Mg( OH) , under hydrothermal condition
(a) =200 C, 1 h, 3 mol/L NaOH; (b) —200 C, 2 h, 3 mol/L. NaOH; (¢) —200 ‘C, 3 h, 3 mol/L NaOH;

(d) —200 C, 4 h, 3 mol/L NaOH; (e) —140 C, 4 h, 5 mol/L NaOH; (f) —160 C, 4 h, 5 mol/ L. NaOH;
(g) —180 C, 4 h, 5 mol/L. NaOH; (h) —200 C, 4 h, 5 mol/L NaOH

material, increase with the prolongation of the reac
tion time or the increase of temperature.

3.3 Variation of sizes of particles and clusters with
hydrothermal condition
Table 2 shows the variation of the particle and
cluster sizes of Mg( OH) , with reaction time and tem-
perature. The prolongation of reaction time from 1 h

to 4 h or the increase of temperature from 140 C to
200 C promotes the formation of Mg(OH), plates
with big particle size but small cluster size, indicating
the obvious improvement in dispersion properties of
Mg(OH) , particles after hydrothermal treatment.
Fig. 4 shows the detailed size distribution of the
Mg ( OH ), particles treated for different time.
Small particles with diameter lower than 0.2 Hm
occupy about 60% of the hydrothermal product af-
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Fig. 3 XRD patterns of Mg( OH); at different

hydrothermal conditions
(a) —Change of reaction time(3 mol/ . NaOH, 200 C);
(b) —Change of reaction temperature(5 mol/ L. NaOH, 4 h)

Table 2 Effect of reaction time and temperature
on sizes of particles and clusters

T Average Average
Time/h e particle size/ cluster size/
ature/ C 1L

m m
1 0.29 5.1
2 0.35 2.0
3 0. 46 1.7
4 0.55 1.5
140 0.40 2.4
160 0.48 1.7
180 0.74 1.6
200 0.87 2.0

ter 2 h hydrothermal treatment. With the proceeding
of hydrothermal treatment, the peak of the size dis-
tribution shafts toward the right side, indicating the
gradual disappearance of the smaller grains and the
increase of bigger particles. These phenomena
imply that the hydrothermal modification process of

Accumulative fraction of particle/%

0 0.4 08 12 16
Particle size/um

Accumulative fraction of particle/%

Particle size/um

Fig. 4 Variation of Mg( OH) , particle

size with reaction time

(3 mol/ L. NaOH, 200 C)
(a) =2 h; (b) —3 h; (¢) —4h

Mg(OH)» may occur via the dissolutionr precipitation
mechanism, that is, the smaller particles dissolve and
then precipitate on the surface of bigger particles.

3.4 Hydrothermal modification of Mg( OH) »

The following reactions are considered in Mg
(OH) NaOH-H,0 system:

Mg(OH)2(s) = Mg(OH)2(aq) (1)

Mg(OH)2(aq)= MgOH" + OH™ (2)

MgOH" = Mg** + OH" (3)
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NaOH ( a?) Na_ + OH (4) 28k (@ 5 mol/L NaOH 6
H,O0= H" + OH (5) = «— OH”
+ =
The equilibrium constants of the above reactions io 24r¢ j id/lg’gl—l 14 R
at different temperatures are calculated automatically E 20t -
from the HSC software and listed in Table 3. Based N %
on the simultaneous equilibrium principle, the equi % LG 12 8
librium concentrations of the soluble ions at various £ 12t é
temperatures can be calculated in a Mg( OH) ; slurry % §
solution containing knowing concentration of NaOH. g 08¢ 110 S
The concentration instead of activity is adopted to S 04f
simplify the calculation process. . . ) : 08
—_ : 140 160 180 200 220
Table 3 Equilibrium constants of reaction (1) ~(5) s
Temperature/C
T / C k k k
emperature 1 2 3 25 5 o 15
140 2.88x 102 0.0571 4.93 = «— OH
- L _ + &
160 2.43x 1072 0.133 1.4 % 240 - Mggﬂ“ L
= 110 g
180 2.03x 10" 12 0.282 0. 443 Lo1st g
3 ;
200 1.685x 107> 0.552 0. 144 E g
£ 90t g
220 1.39x 10 "2 1.0l 0.0487 § 105 8
8 g
T emperature/ C k4 ks Lg) 051 Q
140 5.66x 10! 1.77x 10" 12 , 1 , 1 : 0
0
160 4.69% 10" ! 2.66% 10" 12 1 2 & 4 g B
Concentration of NaOH/(mo!+L1)
180 3.83x 107 3.66x 107 2
- 5 Rxio ! A Bdx 10~ Fig. 5 Variailtion of equilibrium (;i)nce‘ntrations
of OH", MgOH" and Mg™ with
220 2.44x 107! 5.48x 10" 12 temperature(a) and NaOH concentration(b)

Fig. 5 shows the variation of equilibrium concen-
trations of OH™ , MgOH* and Mg** ions with tem-
perature and NaOH concentration. The hydrothermal
modification of Mg( OH) » may occur via the dissolu-
tion of Mg( OH), to soluble MgOH* , Mg** and
OH™ , and the combination of MgOH*, Mg** and
OH™ to form Mg(OH); crystals. As shown in Fig. 5,
the concentration of OH™ is almost 10'* times higher
than that of the M g** -bearing species, indicating an
excess of OH™ environment for the formation of Mg
(OH) ; crystals. Fig. 5 also indicates that the rise of
temperature is favorable for
MgOH" , and the increase of NaOH concentration re-

the formation of

sults in the increase of OH™ concentration.
Crystalline Mg ( OH), belongs to the bivalent
metal hydroxide group, whose crystal structure is a
layered Cdl>-type arrangement. Successive hexagonal
Mg®* ion layers and OH™ ion layers are stacked one
upon another. The Mg®* is six-fold coordinated by
OH™, thus forming Mg ( OH)¢ octahedral —the
growth unit for Mg ( OH), crystal. Such a layered
crystal structure has an advantage for plate-shaped

[5

crystallization'”'. The excess concentration of OH~

ions will presumably affect the way in which ions are
over laid and the growth rate in different directions,
causing changes in the crystal shape and the disper
sion properties. The increase of MgOH™ concentra
tion at elevated temperatures or the increase of OH™
concentration at concentrated NaOH solution is favor
able for the formation of Mg ( OH)¢ octahedral,
leading to the acceleration of the hydrothermal modi
fication of Mg( OH) » particles.

4 CONCLUSIONS

Regular Mg ( OH), hexagonal plates with high
dispersion degree are formed after the hydrothermal
treatment of the irregular and aggregated raw materr
als in NaOH solution. The rise of temperature from
140 Cto 200 C or the prolongation of time from 1 h
to 4 h can improve the crystalline degree of Mg
(OH) 2, resulting in the increase of I(oo1)/ I (101). The
proper hydrothermal modification condition is as fol-
lows: solid content 0. 075 g/ mL, NaOH concentra-
tion 5. 0 mol/ L, temperature 200 C and time 4 h.
The thermodynamic analysis indicates that the in-

crease of MgOH™ concentration at elevated tempera-



Vol.14  Ne2

Hydrothermal formation of dispersive Mg( OH) , particles in NaOH solution

¢ 375

tures or the increase of OH™ concentration at concen-
trated NaOH solution is favorable for the hydrother
mal formation of Mg( OH) , particles.
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