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A hydrotalcite-like compound (HT) is a layered dou-

ble hydroxide that can perform anion exchange. A HT

is represented by the general formula [Mg2+
zAl3+

(OH)2(z + 1)](An–)1/n�mH2O, where An– represents an

n-valent anion and 2.0 5 z 5 4.0. A HT and its cal-

cined material (Mg–Al oxide) have the potential to

treat contaminants in wastewater. For example, a HT

can uptake IO3
–, TcO4

–, anionic dyes, As(III), and

Cr(VI) from aqueous solutions [1–7] due to the anion

exchange property. The Mg–Al oxide can remove

colored organics, dicamba, and terephthalate from an

aqueous solution [8–10] and can treat hydrochloric acid

and chloride solutions [11–16]. However, to date, HTs

and Mg–Al oxide have not been used for wastewater

treatment, although CO3
2–-intercalated HT (CO3

2––HT)

has been applied as an antacid and a flame retardant

[17]. Current production methods are likely not suit-

able for preparing the large amounts of HTs required

for commercial-scale applications to preserve water

quality. In industry, CO3
2––HT has been produced using

general reagents at temperatures above 80 �C and then

further purified [18]. To apply HTs to water preserva-

tion and purification efforts, a simple and convenient

method for preparing them must be developed.

Some researchers investigated Mg(OH)2, MgCO3,

MgO, NaAlO2, and Al(OH)3 as new magnesium and

aluminum sources for the production of HTs [19–21].

However, these preparation methods require very

long reaction times at 95–100 �C in order to obtain

pure HT crystals without by-products. In contrast, our

research group has been successful in preparing pure

HT crystals using calcined dolomite as new magne-

sium and alkali sources at 25 �C for a short time

period [22]. In our new method, we used AlCl3 as the

aluminum source. However, a more convenient

source is needed, because the AlCl3 is purified re-

agent. In this study, to produce HTs, we investigated

a polyaluminum chloride (PAC) solution, which has

been used in the coagulation sedimentation process

during water treatment. PAC is often-used in indus-

trial-scale, and it is more inexpensive than other

aluminum salts such as AlCl3.

The PAC solution was manufactured by the Sumi-

tomo Chemical Co. Inc. The concentrations of ele-

ments contained in the PAC solution were as follows:

[Al] = 2.45 mol/L, [Mg] = 0.06 mol/L, [Ca] = 0.13 -

mol/L, [Cl] = 2.99 mol/L, [SO4] = 0.33 mol/L. The

composition of the PAC is represented as AlMg0.02-

Ca0.05(OH)1.64Cl1.22(SO4)0.14. Dolomite [CaMg(CO3)2]

was supplied by Ube Material Industries, Ltd. Dolo-

mite calcination was carried out in an electric furnace

at 1,000 �C for 1 h. The contents of CaO and MgO in

the calcined dolomite were 55.2% and 41.8% by

weight, respectively, indicating that the composition of

calcined dolomite is CaO�MgO. All general reagents

were purchased from Kanto Chemical Co. Inc.

First, we attempted a mixed solution of MgCl2 and

PAC with initial Mg/Al molar ratios of 2.0–4.0 to

produce the HTs, as expressed in Eq. (1):
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(z� 0.02)Mg2þ + (Al3þ + 0.02Mg2þ + 0.05Ca2þ)

þ 2(z + 1)OH� + 1/nAn�

! MgzAl(OH)2ðzþ1Þ(A)1=n + 0.05Ca2þ

z = 2.0, 3.0, 4.0

ð1Þ

In this case, ‘‘Al3+ + 0.02Mg2+ + 0.05Ca2+’’ was

derived from the PAC. MgCl2 was added to 100 mL of

PAC solution containing 0.167, 0.125, or 0.1 mol/L of

Al3+ in Mg/Al molar ratios of 2.0, 3.0, or 4.0, respec-

tively. The total concentrations of Mg2+ and Al3+ in

each solution were 0.5 mol/L. A 2 mol/L NaOH solu-

tion and deionized water were then added to the

solution while stirring until the pH and total volume of

the solution approached 10.5 and 150 mL, respectively.

The mixture was stirred continuously at 25 �C for 1 h

and then was left at 25 �C for 12 h. The resulting

suspension was washed with deionized water and cen-

trifuged repeatedly; the precipitate was dried at 105 �C

for 24 h.

Second, we attempted the PAC and calcined dolo-

mite to produce the HTs, as expressed in Eq. (2):

In this case, ‘‘CaO�MgO’’ was derived from the

calcined dolomite. MgCl2 crystals and calcined dolo-

mite were added to 100 mL of PAC solution contain-

ing 0.167, 0.125, or 0.1 mol/L of Al3+ in Mg/Al

molar ratios of 2.0, 3.0, or 4.0, respectively, according

to Eq. (2).

The precipitates were identified using X-ray dif-

fraction (XRD) by CuKa radiation. The Mg2+ and Al3+

concentrations in the precipitates were ascertained

using ICP-AES after dissolving the sample in 1 M

HNO3. The concentrations of Cl– and SO4
2– were

determined using ion chromatography (DIONEX

QIC).

Figure 1 and Table 1 show the XRD patterns and

molar ratios of Mg/Al, Cl/Al, and SO4/Al for precipi-

tates prepared from a mixed solution of MgCl2 and

PAC at various Mg/Al molar ratios, respectively.

Based on Fig. 1, the XRD peaks at all Mg/Al molar

ratios were ascribed to hydrotalcite (JCPDS card 22-

700), a hydroxycarbonate of magnesium and aluminum

formulated as Mg6Al2(OH)16CO3�4H2O that occurs in

nature. This indicated that the prepared precipitates

had the structure of a HT. As shown in Table 1, the

precipitates contained Cl– and SO4
2–, which were de-

rived from MgCl2 and PAC. Accordingly, the precipi-

tates were definitely HTs intercalated with Cl– and

SO4
2–. For all initial Mg/Al molar ratios, Cl/Al molar

ratios were larger than SO4/Al molar ratios; that is, the

content of Cl– was larger than that of SO4
2–. Therefore,

the basal spacing, d(003), values of the precipitates

shown in Fig. 1 were very close to the spacing values of

the Cl–-intercalated HT (Cl––HT) reported in our

previous work and by Sato et al. [13, 23, 24]. This

confirmed that the precipitates consisted mainly of

Cl––HT. Consequently, PAC was found to be a

potentially useful aluminum source for preparing HTs.

Table 1 shows that the Mg/Al molar ratios of the

precipitates did not correspond to the initial values of

the starting solutions. For initial Mg/Al molar ratios

of 2.0 and 3.0, the ratios in the precipitates were

larger than the initial values, suggesting that Al3+

remained in solution. In contrast, Mg2+ definitely

remained in solution at the initial Mg/Al molar ratio

of 4.0 because the ratio in the precipitate was lower

than the initial value. These results indicate that the

reaction leading to HT formation probably did not

reach equilibrium. Furthermore, the Mg/Al molar

ratios in the precipitates tended to be close to 3.0

[25], suggesting that the stable Mg/Al molar ratio in

HT is 3.0. This may have resulted because the Mg/Al

molar ratio in natural hydrotalcite is 3.0. As shown in

Fig. 1, the crystallinity of the precipitate decreased as

the initial Mg/Al molar ratio decreased [22, 25],

which can be attributed to the disordered brucite-like

octahedral layer distances of the HT accompanied by

the increased Al3+content incorporated into that

layer.

In the case involving MgCl2, PAC, and NaOH, the

HT was most likely formed by the reaction of Mg2+ and

Al(OH)4
–. For the Al species, Al(OH)3 may be pro-

duced due to the dropwise addition of NaOH solution

to a mixed solution of MgCl2 and PAC to a pH of 10.5

because PAC can create polymers of aluminum

hydroxides. Al(OH)4
– is certainly formed by the disso-

lution of Al(OH)3 due to the high local pH caused by

(0.5z + 0.1175)(CaO �MgO) + (0.5z� 0.1375)Mg2þ + (Al3þ + 0.02Mg2þ + 0.05Ca2þ) + (z + 0.235)H2O

þ 1.53OH� + 1/nAn� !MgzAl(OH)2ðzþ1Þ(A)1=n + (0.5z + 0.1675)Ca2þ z = 2.0, 3.0, 4.0
ð2Þ
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adding the NaOH solution. This Al(OH)4
– was reacted

with Mg2+, leading to the HT formation.

Figure 2 shows the XRD patterns of precipitates

prepared from calcined dolomite and a mixed solution

of MgCl2 and PAC. For all Mg/Al molar ratios, the

XRD patterns indicated the formation of a HT. In

particular, Al(OH)3 also formed at the Mg/Al molar

ratios of 3.0 and 4.0. The HT was produced without by-

products only for the Mg/Al molar ratio of 2.0, and the

molar ratios of Mg/Al, Cl/Al, and SO4/Al were 2.16,

0.24, and 0.13, respectively.

The calcined dolomite (CaO�MgO) is immediately

hydrated after its addition to the mixed solution of

MgCl2 and PAC. A HT would be formed by the

reaction of MgOH+ and Al(OH)4
–. The MgOH+ is an

intermediate produced in the hydration process of the

MgO component of CaO�MgO. The CaO component is

converted into Ca(OH)2 due to the hydration, which

leads to the increase in the pH of the solution. This

results in the production of Al(OH)4
– through the for-

mation of Al(OH)3 derived from Al3+ in PAC.

The production of Al(OH)3 was observed for initial

Mg/Al molar ratios of 3.0 and 4.0, which may be

interpreted as follows. With an increasing initial Mg/Al

molar ratio, the amount of added CaO�MgO increased

as expressed in Eq. (2), which caused the prompt

hydration of MgO. Therefore, the Al(OH)4
– was not

sufficiently reacted with the MgOH+. Because of the

consumption of OH– in the formation of a HT, the pH

of the solution decreases. Accordingly, the remaining

Al(OH)4
– converts into Al(OH)3. As seen in Fig. 2, the

intensity ratio of Al(OH)3 to HT was observed to de-

crease with increases in the initial Mg/Al molar ratio,

indicating that the precipitate for the initial Mg/Al

molar ratio of 4.0 scarcely contained Al(OH)3. This

suggests that the pH of the solution did not decrease

substantially until the stable region of Al(OH)3 for-

mation [26] due to the large amount of OH– derived

from the CaO�MgO.

In summary, a HT was prepared with PAC as a new

aluminum source at ambient temperature, and also

with PAC and calcined dolomite as magnesium and

alkali sources. This method mainly produced Cl––HT,

which can be used for anion exchange with, for

example, phosphate ions [27, 28]. Furthermore, Cl––

HT can be transformed by calcination at 400–600 �C
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Fig. 1 XRD patterns of precipitates prepared from a mixed
solution of MgCl2 and PAC. Initial Mg/Al molar ratios: (a) 2.0,
(b) 3.0, and (c) 4.0

Table 1 Molar ratios of Mg/Al, Cl/Al, and SO4/Al for precipi-
tates prepared from a mixed solution of MgCl2 and PAC with
initial Mg/Al molar ratios of 2.0, 3.0, and 4.0

Initial Precipitate

Mg/Al Mg/Al Cl/Al SO4/Al

2.0 2.71 0.40 0.08
3.0 3.29 0.64 0.08
4.0 3.70 0.66 0.07
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Fig. 2 XRD patterns of precipitates prepared from calcined
dolomite and a mixed solution of MgCl2 and PAC. Initial Mg/Al
molar ratios: (a) 2.0, (b) 3.0, and (c) 4.0
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[24] into Mg–Al oxide, which can be applied for

wastewater treatment.
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