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Morphology and size control of 513 MHSH, Mg(OH), from sea bittern using
H,SO; and NH;OH
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513 MHSH (Magnesium Hydroxide Sulfate Hydrate) and Mg(OH), were synthesized using a domestic resource, sea bittern,
as a Mg precursor instead of conventional reagents. Sea bittern contains a large amount of Ca*" ions, which can be efficiently
removed using sulfuric acid. We synthesized them using the obtained MgSO; solution from sea bittern. By adding ammonia
to the MgSO; solution to synthesize plate-like Mg(OH), and adjusting the Mg(OH),/MgSO; ratio by adjusting the amount
of ammonia, needle-like 513 MHSH were synthesized. In addition, the synthesized hexagonal plate-like Mg(OH), was grown
to a size of 50 to 400 nm by hydrothermal reaction. The conditions for synthesizing the needle-like 513 MHSH were found
by the addition of sulfuric acid. The synthesized 513 MHSH and Mg(OH), were characterized by X-ray Diffraction (XRD),
Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM).
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Introduction reaction [20-22]. Pure 513 MHSH can be obtained with

MgSO, and ammonia, but the use of a strong base, such

Magnesium hydroxide sulfate hydrate [abbreviated as NaOH, easily forms Mg(OH), and interferes with the
MHSH, xMg(OH),'yMgSO4-zH,O (x-y-z phase;)] has formation of the 513 MHSH [23]. Furthermore, because
various structures depending on the ratio of Mg(OH),, Mg(OH), and MgSO, are easily modified under acidic/
MgSO, and H,O [1-3]. MHSH whiskers exist in various basic conditions, 513 MHSH can be synthesized using
forms such as 513 MHSH (5Mg(OH),-MgS0O,:3H,0), Mg(OH), precursors and sulfuric acid [3, 24]. Our group
517 MHSH (5Mg(OH),-MgSO,-7H,0), 512 MHSH previously investigated the synthesis and morphologies
(5Mg(OH),"MgS0Os-  2H,0) and 212 MHSH of 513 MHSH by adjusting the ratio of the reagent
(2Mg(OH),-MgS04-2H,0) [4-8]. 513 MHSH whiskers, precursor MgO/MgSO, and applied the results to find

a needle-like inorganic material, have attracted attention the conditions for synthesizing 513 MHSH using acid
due to their practical applicability, including their use and base catalysts, H,SO, and ammonia [3, 21-24].
in resins, fillers and fibrous composites and as a rein- Sea bittern removes Na' ions from seawater through
forcement material [9-12]. Due to the SO,* ion-bonded an ion exchange membrane, and Mg”" ions are present at
structure between the Mg(OH), layered structures, 513 relatively high concentrations, so it is easy to extract Mg
MHSH can be used as a flame retardant because of the ions from sea bittern [25]. However, because sea bittern
release of water molecules at temperatures higher than contains Ca’" ions at a higher concentration compared
the usual dehydration temperature under fire conditions. to seawater, Ca®" ions must be removed efficiently to
513 MHSH forms a structure in which layered Mg(OH), synthesize high-purity magnesium compounds [25].
are bonded by SO,” ions, and the bonding with sulfate Adding sulfuric acid to sea bittern can remove Ca”" ions
ions causes water molecules to be released at a higher by taking advantage of the solubility difference between
temperature than the general dehydration temperature in MgSO, and CaSO,. Because the relatively low-soluble
fire conditions [13-16]. calcium sulfate (CaSOs, 2.55 g/L) is precipitated and
513 MHSH whiskers can be obtained by using various the highly soluble magnesium sulfate (MgSQO., 351 g/L)
starting materials, such as MgO, MgSO., MgCl,, or remains as ions in the solution, the two substances can

Mg(OH), [17-19]. 513 MHSH synthesis is possible by be easily separated. After the removal of the Ca*" ions

adjusting the MgSO./MgO ratio through a hydrothermal from the sea bittern using sulfuric acid, needle-like 513
MHSH and plate-like Mg(OH), were synthesized by

" : adjusting the amount of basic precipitant in the purified
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Experimental procedures

Materials

We used sea bittern (Hanju Salt, Korea) as the Mg
precursor. Sodium hydroxide (NaOH, Daejung Chem.,
Korea) and sulfuric acid (10% H,SO., Daejung Chem.,
Korea) were used to extract the MgSO4 and Mg(OH),.
Sulfuric acid (95% H>SOs4, Samchun Chem., Korea) and
ammonium hydroxide (28% NH4OH, Daejung Chem.,
Korea) were used without further purification as the
catalyst in the synthesis process for the 513 MHSH.
An aqueous solution of the precursor systems was
prepared with the appropriate quantities of reagents in
distilled water, using various synthesis conditions to
obtain the 513 MHSH whiskers. Then, the morphology
and structure were examined by Scanning Electron
Microscopy (SEM, Model JSM-6390, JEOL, Japan),
Transmission Electron Microscopy (TEM, Model CM
200, Philips, Netherlands) and powder X-Ray Diffraction
(XRD, Model D/Max 2500, Rigaku, Japan). Inductively
Coupled Plasma Optical Emission Spectrometry (ICP-
OES, Model SPECTRO ARCOS, SPECTRO Analytical
Instruments, Germany) and X-ray Fluorescence (XRF,
Model S1 TITAN, Bruker, USA) were used to identify
the components of the raw materials and the solution.

Synthesis of the 513 MHSH

In general, 513 MHSH is synthesized using a
hydrothermal method. Previously, we synthesized 513
MHSH adjusting the molar ratio of the MgSO, and MgO,
using the reaction of the single precursor MgSO, and
NH4OH (basic catalyst) and the reaction with Mg(OH),
and H,SO, (acid catalyst). These experiments utilized
the reagents MgO and MgSO; to synthesize high-purity
513 MHSH by adjusting the pH, using ammonia and
sulfuric acid as catalysts. We investigated the effect of
PH, a critical factor in 513MHSH synthesis, and selected
NH4OH, a weak base with better pH control than NaOH
because elevated pH levels favored the formation of
Mg(OH). over 513 MHSH [21, 23].

It is difficult to produce uniform 513 MHSH whiskers
because plate-like Mg(OH), particles were formed in
high concentrations of OH™ due to the interaction between
Mg®* and OH" [26, 27]. The amount of SO,” ions is
also an important factor in whisker growth because it
affects the one-dimensional growth of MHSH, and if the
amount of SO,* ions is too small, Mg®" ions combine
with OH ions rather than SO,* ions to form Mg(OH),
instead of 513 MHSH [22].

In this work, we prepared MgSO, and Mg(OH),
using sea bittern as the Mg precursor instead of the
reagent MgSO, and Mg(OH), and synthesized high-
quality 513 MHSH whiskers using NH,OH and H,SO,
as the catalyst to control the pH in two ways. In the
first method, sulfuric acid was added to the sea bittern
to form a MgSQO, solution, and NH,OH (basic catalyst)
was added to the solution to adjust the pH conditions

to synthesize the 513 MHSH. In the second method,
513 MHSH was synthesized by adding sulfuric acid as
a catalyst to Mg(OH)., which was prepared by adding
excess base to the MgSOs solution derived from the
sea bittern. Sea bittern is concentrated seawater and is
rich in Mg** ions but also contains high levels of other
metal ions, including Ca*" ions, due to the concentration
process. Because the presence of Ca®" ions interrupts the
synthesis of high-purity Mg compounds, Ca*" removal
from the sea bittern is necessary. We added sulfuric
acid and removed them by precipitation in the form
of calcium sulfate (CaSO,). Calcium sulfate (CaSOs)
is precipitated due to its low solubility, while MgSO,
remains dissolved because of its high solubility [28].
Figure 1 presents a schematic diagram showing the
synthesis process of 513 MHSH from sea bittern using
basic and acidic catalysts, including the Ca*" removal
process by adding sulfuric acid and the shape and
size control through pH adjustment. In Route 1, after
removing the Ca®" ions with sulfuric acid, an appropriate
amount of NH,OH was added to the MgSQO, solution
to synthesize the 513 MHSH through hydrothermal
synthesis. In Route 2, an excess amount of NH,OH
was added to the MgSO, solution at room temperature
to obtain 50 nm hexagonal magnesium hydroxide.

o
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Fig. 1. Schematic diagram of the synthesis of 513MHSH from
sea bittern.
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Table 1. Reaction condition of 513MHSH

. . NH.OH H,SO, Re'flctlon Reaction
Sample Starting materials time Temperature Phase
(mL) (mL) . :
(h) QY)
1 65 MgSO,
2 MgSO, 70 48 180 Mg(OH),
3 80 ) Mg(OH),
4 MeSO 46 513 MHSH
25U,
> (30% evaporation) 30 . 48 180 Mg(OH),
6 70 Mg(OH),
7 10 Mg(OH),+513MHSH
8 Mg(OH), 20 24 180 Mg(OH),+513MHSH
9 i 30 513 MHSH

The particle size increases from 50 to 400 nm when
hydrothermally synthesized in a basic condition in Route
3. We synthesized 513 MHSH using a hydrothermal
reaction with a sulfuric acid catalyst in Route 3 and
magnesium hydroxide in Route 2.

This study was done in three steps: 1) the removal
process of Ca® from sea bittern using sulfuric acid to
prepare a MgSO, solution, 2) the synthesis process of
513 MHSH and Mg(OH), by adjusting the amount
of basic precipitant, and 3) the synthesis process of
513 MHSH and Mg(OH), by adjusting the pH of the
synthesized Mg(OH), solution. In the Ca’* removal
process, Ca®" ions in the sea bittern are precipitated as
CaSO, by reacting sulfuric acid with the sea bittern.
The 513 MHSH synthesis can be synthesized using two
catalysts. The detailed experimental conditions for the
synthesis of 513 MHSH are summarized in Table 1.

Extraction of MgSO, using sulfuric acid

Adding sulfuric acid to sea bittern removes Ca’" ions
and creates a MgSO, solution.

Sea bittern + H,SO, — MgS0, + CaS0,2H,0| + 2H"
MgS0; — Mg + SO

190 g of 10% H,SO,; were added to 100 g of sea
bittern and vigorously stirred for 30 minutes. Adding
an excess amount of sulfuric acid to sea bittern ensured
sufficient SO,* ions in the form of MgSO,. After
stirring, the precipitated CaSO, was separated from the
MgSO; solution via centrifugation. This method involves
removing Ca’" ions by reacting them with SO,* ions
to form calcium sulfate (CaSO,) through precipitation.
Because MgSO, exists as ions, it can act as a good
precursor for the synthesis of Mg-based materials. In
addition, because the ratio and amount of MgSO, /MgO
are important, the remaining MgSQO, solution was heated
at 100°C for 2 hours to evaporate 30% of the solution
to control the molar concentration of MgSQO, solution

based on previous experiments [20-22].

Synthesis of 513 MHSH using a basic catalyst
and MgSO;, solution from sea bittern

When ammonia was added to the MgSO, solution
extracted from the sea bittern, some of the Mg”" ions
reacted with the OH™ ions and were converted to
Mg(OH),. Mg(OH), combined with SO,* ions caused
the formation of 513 MHSH.

MgSO; + 2NH,OH «> Mg(OH), + (NH,),SO4
Mg(OH), > Mg>* + 20H
6Mg + 100H + SO2 +3H,0 — 5SMg(OH), MgSO,-3H,0

NH,OH (4 M) solution (65-80 mL) was added to the
MgSO, solution prepared from sea bittern at room
temperature to produce the whiskers. In the subsequent
hydrothermal procedure, the solution was transferred
to a Teflon-lined autoclave with a 100 mL capacity.
The autoclave was maintained at 180 °C for 48 h in
a drying oven and then naturally cooled down to room
temperature. The obtained products were centrifuged,
washed with deionized water and dried in air at 80 °C
for one day. Based on the previous studies that increased
Mg** selectivity facilitates 513 MHSH formation, we
did the experiment by adjusting the concentration of
the MgSO, solution obtained from the sea bittern [20-
22]. To increase the Mg*" concentration, 46-70 mL of 4
M NH4OH were added after approximately 30% of the
MgSOs solution had been evaporated, given its critical
role in 513 MHSH synthesis.

Synthesis of Mg(OH), plates from sea bittern

Mg(OH), was synthesized by adding ammonia to
MgSO, obtained from the sea bittern under room
temperature and pressure conditions. When a basic
precipitant was added to the generated MgSO, solution,
OH’ ions combined with the Mg*" ions in the sea bittern
to precipitate in the form of Mg(OH)..
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MgSO, + 2NaOH — Mg(OH), | + 2Na* + SO
MgSO4 + 2NH,OH — Mg(OH)zl + 2NH4++ SO42_

For the synthesis of Mg(OH),, De-Ca sea bittern was
added at a molar ratio of 1:2 to a basic precipitant, NaOH
or NH,OH, and sufficiently stirred at 300 rpm for 2
hours. The obtained products were centrifuged at 8000
rpm for 10 minutes, washed with deionized water and
dried in air at 80 °C for one day to obtain Mg(OH), as
a powder [25].

Formation of Mg(OH), plate particles up to 400 nm

First, 0.5 g of Mg(OH), were dissolved in 10 mL of
2M NH,OH deionized water and then ultra-sonicated for
5 minutes. Then, the solution was transferred to a 25
mL capacity Teflon-lined autoclave. The autoclave was
maintained at 180 °C for 1-24 hours in a drying oven
and then allowed to cool naturally to room temperature.
The obtained products were centrifuged, washed with
deionized water and dried in air at 60 °C for one day.

Synthesis of 513 MHSH using a sulfuric acid
catalyst and Mg(OH), from sea bittern

Mg(OH), at the desired concentration (4 M) was
dissolved in 50 mL of deionized water and subjected to
ultra-sonication for 5 min. After 10 to 30 mL of 5 M
H,SO, solution was added, the solutions were transferred
to a 100 mL capacity Teflon-lined autoclave. The
autoclave was maintained at 180 °C for 48 hours in a
drying oven and then allowed to cool naturally to room
temperature. The obtained products were centrifuged,
washed with deionized water and dried in air at 60 °C
for one day.

Results and Discussion

Chemical compositions of the sea bittern

Sea bittern is a solution where sodium ions (Na")
in seawater are partially removed by an ion exchange
membrane, resulting in a solution primarily composed of
magnesium ions (Mg”>). To determine the components
of the sea bittern, Inductively Coupled Plasma Optical
Emission  Spectroscopy (ICP-OES) analysis was
performed. Table 2 shows the ion content results of
the sea bittern used in the experiment. The analysis
results indicate that the sea bittern contains 3.65 wt%
of Mg”" ions, and it also has a high concentration of
other impurities such as Ca*" and K" ions. The reason
is both Mg ions and impurities like Ca®* ions from
seawater were concentrated when passing through the
ion exchange membrane. For use as a Mg precursor,
Ca® ions must be removed.

Table 2. ICP-OES data of sea bittern of company H
Component (wt %)

Cl SO/ Ca¥ Mg©¥ K Na'

Sea bittern  16.82  0.006 1.3 3.65 421 265

Sample

Synthesis of 513 MHSH

In Table 1, samples 1-3 were prepared by adding 190
g of H,SO; to the sea bittern, followed by the addition of
MgSO; and 65-80 ml of 4M NH4OH. Samples 4-6 were
prepared by adding 190 g of H,SO, to the sea bittern
and then adding 46-70 ml of 4M NH,OH to a solution
of MgSO, that had been concentrated to approximately
30% through evaporation. Samples 1-6 were stirred for
2 hours and then subjected to hydrothermal synthesis at
180 °C for 48 hours in a Teflon vessel. Samples 7-9 were
prepared by mixing the Mg(OH), solution with H,SO,,
followed by stirring and then undergoing hydrothermal
synthesis at 180 °C for 24 hours. The precipitate was
collected by centrifugation, washed with distilled water,
and dried at 60 °C.

Analysis of MgSO;, solution extracted from the
sea bittern

A MgSOs solution was obtained by adding sulfuric
acid to the sea bittern, effectively removing the Ca®*
impurities from the Mg precursor. This process utilized
the difference in the solubility of MgSO, and CaSO..
When we added ammonia to the MgSO, solution from
which the precipitated CaSO, was removed, we obtained
Mg(OH)..

The addition of H,SO4 to sea bittern reduced the
Ca* ion content by over 90% due to the precipitation
of CaSO, as an insoluble salt from the reaction between
the Ca’* and SO,* ions and the Mg/Ca ratio increased.
The removal of Ca?* ions through the reaction with SO+*-
ions enhances the selectivity for Mg*’, facilitating the
formation of 513 MHSH. Additionally, the addition of
sulfuric acid to sea bittern provides SO4* ions, which
is an important factor in the formation of 513 MHSH.
The ratio of MgSO4/MgO also has a significant effect on
the formation of 513 MHSH. The concentration of sea
bittern was adjusted based on our previous studies [27].
The MgSOs solution derived from the sea bittern was
concentrated by approximately 30% through evaporation
to increase the Mg?" ion content and facilitate the
synthesis of 513 MHSH.

Influence of NH,OH (basic catalyst) on the
Formation of 513 MHSH

Figure 2 shows the XRD patterns of the products
obtained by varying the amount of NH,OH added to
the MgSO;, solution prepared by treating sea bittern
with H,SO,. It can be confirmed that when 70 to 80
ml of 4M NH4OH was added to the original sea bittern
solution, a single-phase Mg(OH), peak was observed
(Fig. 2a, 2b). When less than 65 ml of NH, OH was
added, no product formed. To address this result, some
of the MgSO, solutions were evaporated to match the
concentration of MgSO, to the previously published 513
MHSH synthesis conditions [20]. The concentration of
the MgSO, solution from the sea bittern was compared
with the previous synthesis data, revealing that NH,OH
in a high concentration of MgSO; significantly affects
the shape of the 513 MHSH whiskers. Thus, the MgSO,
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Fig. 2. XRD patterns of the products synthesized at different MgSO, concentration and ammonia: (a) 70 ml, (b) 80 ml at original
MgSO; [left], (c) 46 ml, (d) 50 ml, (e) 70 ml at evaporated MgSO, [right].

Fig. 3. SEM images of the products synthesized at different MgSO, concentration and ammonia: (a) 70 ml, (b) 80 ml at original
MgSO; [left], (c) 46 ml, (d) 50 ml, (e) 70 ml at evaporated MgSO, [right].
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concentration from the sea bittern was too low to
produce Mg compounds. When using a concentrated
MgSO, solution by evaporating 30% of the original
MgSO; solution, we could obtain the 513 MHSH by
adjusting the amount of ammonia.

SEM confirmed these results. Fig. 3 shows the
SEM images of the products formed by controlling
the amount of NH,OH added to the MgSO, solution
derived from the sea bittern treated with H,SO,. Fig.
3a and 3b show SEM images of aggregated plate-like
Mg(OH), particles formed from the original sea bittern,
while the morphology of products obtained from the
concentrated MgSO, solution varies with the amount of
added NH,OH. As the amount of added NH,OH was
decreased, the ratio of the plate-like Mg(OH), decreased,
and the ratio of the needle-like 513 MHSH increased.
When 70 ml of 4M NH,OH was added, single-phase
Mg(OH), was synthesized. The presence of plate-like
aggregated materials was confirmed by SEM (Fig. 3e).
When 50 mL of 4M NH, OH was added, Mg(OH),
and 513 MHSH existed in a mixed state (Fig. 3d).
When 46 ml of NH,OH was added, 513 MHSH with
a needle-like structure with a diameter of 0.5-1.5 pum

and a length of 15-20 pm was observed (Fig. 3c). The
pH of the reaction solution significantly affects the
dissolution equilibrium of Mg(OH), and controls the
concentrations of Mg*" and MgOH" ions in the solution
[20, 21]. When 46, 50, and 70 ml of NH,OH were
added, the pH of the solution remained constant at 10.
The Mg*"/OH' ratio was controlled without changing the
pH by Le Chatelier's principle because a weak base was
used. When a strong base solution is used, Mg(OH), is
generated preferentially, which makes it challenging to
obtain high-purity 513 MHSH.

Synthesis of Mg(OH), from the sea bittern

Mg(OH), was synthesized by adding ammonia to
the MgSO, from the sea bittern at room temperature.
The OH ions combine with Mg** ions in the solution,
precipitating as Mg(OH).. Fig. 4 shows the XRD pattern
(Fig. 4a) and TEM image (Fig. 4b) of the Mg(OH),
from the sea bittern. Adding 2 M NaOH resulted in the
formation of Mg(OH),, confirmed as plate-like particles
roughly 50-70 nm in size.

Mg(OH), particle growth in a basic condition
through hydrothermal treatment

Mg(OH), obtained by adding a basic precipitant to sea
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Fig. 4. (a) XRD pattern of the products synthesized with sea bittern, (b) TEM image of Mg(OH). obtained from sea bittern.
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Fig. 5. SEM images of the Mg(OH). after hydrothermal treatment in 2 M NaOH 180 °C at different reaction time: (a) 1 h, (b) 2 h,
(c) 4 h, (d) 24 h, (e) the data of particle size growth according to the hydrothermal reaction time.
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bittern was dispersed in a 2 M ammonia solution, and
the size of the Mg(OH), particles was increased through
a hydrothermal reaction at 180 °C. Fig. 5 shows the
SEM images and data showing the change in the size
of the Mg(OH), particles according to the hydrothermal
reaction time. It was confirmed that the particle size of
Mg(OH), (50 nm) increased as the hydrothermal reaction
time was extended (Fig. 5a, 5b, 5c). However, the
particle size reached approximately 400 nm after 4 hours
of hydrothermal treatment and showed no significant
growth beyond that point (Fig. 5d). Fig. S5e shows the
trend in the Mg(OH), particle size change over time.
Therefore, it was found that the optimal hydrothermal
reaction condition for growing the particles of Mg(OH),
was a reaction at 180 °C for 4 hours.

This result was also observed when magnesium
hydroxide was synthesized by excessive addition of
NH,OH during 513 MHSH synthesis. This result is
because MgOH"™ was precipitated around the initial
Mg(OH), particles and grew as hexagonal plate-like
particles as the dissolution and re-precipitation process
occurred in the hydrothermal vessels. This result suggests
that Mg(OH), synthesis and particle growth can be
achieved simultaneously [23].

Influence of H,SO4(acid catalyst) on the formation
of 513 MHSH whiskers

Figure 6 and 7 present the XRD patterns and SEM
images of the products obtained using H,SO, and the
Mg(OH), derived from the sea bittern. As shown in Fig.
6, an increase in the amount of H,SO, reacting with
the Mg(OH), solution led to a decrease in the XRD
peak of Mg(OH),. Specifically, when 30 mL of a 5SM
H,SO; solution was added, predominantly needle-like
513 MHSH structures were observed (Fig. 6a). The
addition of 10 and 20 mL of the 5SM H,SO. solution
resulted in a mixture of Mg(OH), and 513 MHSH (Fig.
6b and 6¢). The pH decreased within the weak alkaline
range from pH 8 to 10 as the H,SO. concentration was
increased, leading to the disappearance of Mg(OH), and
the formation of pure 513 MHSH. This phenomenon
occurs because the solubility of Mg(OH), increases as
the pH decreases [29]. Consequently, it can be inferred

(€) —— H,S0, 30m]
1

V Mg(OH),
® 513 MHSH

Jolel

) —— H,$0, 20m]
L

() — H,50, 10ml

Intensity (a.u.)

o

\ I"i !l| pH 10

10 20 30 “©0 5 6 70
Two theta (deg)

Fig. 6. XRD patterns of the products synthesized with 4 M

Mg(OH), and varying volumes of H,SO, solution: (a) 30 ml,

(b) 20 ml, (c) 10 ml

that an increased amount of H,SO, results in higher
concentrations of Mg** and MgOH" due to the dissolution
of Mg(OH),, thereby facilitating the formation of 513
MHSH [18, 19].

Mg(OH), <> Mg(OH)" + OH

Mg(OH)" < Mg** + 20H

Mg(OH), + 40H" «> Mg(OH)s"

6Mg(OH)64- + SO42- +3H20 e

5Mg(OH),-MgSO,-3H,0 + 260H

SEM confirmed these results. Fig. 7 shows that the
ratio of needle-like 513 MHSH increased when more
H,SO, was added to the Mg(OH),. In Fig. 7b and 7c, the
hexagonal plate-like Mg(OH), is dominant, while Fig. 7a
shows only the needle-like 513 MHSH.

Fig. 7. SEM images of the products synthesized with 4 M Mg(OH), and varying volumes of H,SO, solution: (a) 30 ml, (b) 20 ml,

(c) 10 ml



Morphology and size control of 513 MHSH, Mg(OH); from sea bittern using H.SO, and NH,OH 679

Conclusion

This study controlled the shape and size of Mg(OH),
and 513 MHSH by efficiently extracting MgSO, from
sea bittern and controlling the amount of ammonia.
The MgSO, solution obtained by precipitating Ca**
as CaSO, through the addition of sulfuric acid to sea
bittern is an important raw material for synthesizing
needle-like 513 MHSH. Because the Mg concentration
of sea bittern is generally lower than the Mg*" ion
concentration required for synthesis, needle-like 513
MHSH can be synthesized by controlling the Mg content
and the amount of ammonia. In addition, ammonia or
NaOH, which is a basic precipitant, is added to obtain
Mg(OH), as hexagonal plate-like particles 50 nm in size,
which can be grown to 400 nm through a hydrothermal
reaction. In addition, sulfuric acid can be added to the
hexagonal plate-like Mg(OH), to synthesize the needle-
like 513 MHSH through a hydrothermal reaction. In this
study, Ca*" ions present in sea bittern were effectively
removed using sulfuric acid. MgSO, was synthesized
and, with the use of a basic catalyst, used to produce
both needle-like 513 MHSH and hexagonal plate-
like Mg(OH),. Additionally, sulfuric acid was added
to Mg(OH), to adjust the Mg(OH), to MgSO, ratio,
enabling the formation of the needle-like 513 MHSH.
In this study, 513 MHSH was successfully synthesized
by controlling the pH through the direct addition of
precipitants to the solution without requiring purification
or drying of the MgSO, raw material derived from sea
bittern. Furthermore, 513 MHSH can be synthesized by
exploiting the reversible conversion between MgSO, and
Mg(OH),, using basic/acidic catalysts, both of which can
be derived from sea bittern. This approach highlights the
potential for domestic production of high-value-added
compounds from low-cost resources through appropriate
technological development.
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