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of total aluminum concentration 0.1 mol/L and OH−/Al ratio 2.2 to obtain the highest
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content of Al30. A precipitation/metathesis method, organic solvent precipitation method
and organic complexation method were examined to separate and purify Al30. It was found
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that only by the organic complexation method could high purity Al30 products be obtained

Polyaluminum chloride (PAC)

in large yield economically. In the experiments, benzoic acid was used as the coordinating

Al13

reagent to decompose the main impurity AlO4Al12(OH)24(H2O)7+
12 (Al13), and the Al30 product

Al30

could be obtained by precipitation and metathesis operations. It was noteworthy that the

Organic complexation

decomposition of impurities by benzoic acid could be completed in 2 hr. The Al30 product

Precipitation/metathesis

was characterized by Ferron assay, 27Al-NMR, SEM, XRD and TGA. The results showed that
the purity of the Al30 product could exceed 92%.
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Published by Elsevier B.V.

Introduction
Aluminum is the third most abundant element in the earth's
crust, and Al(III) aqueous chemistry is important in environmental chemistry. Al(III) ions can be partially neutralized
in solution to form a series of hydroxyl species (Tang, 1990).
Aluminous solution chemistry has been widely studied in
various fields, such as analytical chemistry, pharmaceuticals,
ceramics, geochemistry, bio-toxicology and environmental
science (Driscoll and Schecher, 1990; Ma, 1997; Benito et al.,
1999; Bi et al., 2001; Phillips et al., 2003). In particular, Al salts
are the most important coagulants used in water treatment
plants, such as traditional Aluminum salts and polyaluminum

chloride I (PAC13), which are applied to remove impurities in
the initial step (Jia, 2001). PAC (the general name for various
polyaluminum chloride types) is a kind of mixture prepared by
partial neutralization of Aluminum salts, which usually
exhibits better coagulation properties than traditional Al salts
(Duan and Gregory, 2003). However, with the trend towards
increasing pollution in raw water, it is necessary to develop
new generation aluminous coagulants with improved coagulation properties.
During hydrolysis of Al(III), a series of hydroxyl species will
be produced, including monomers, oligomers and highly
polymerized clusters. The process of hydrolysis can be
influenced by various factors, such as Al concentration,

⁎ Corresponding authors. E-mails: gyan@rcees.ac.cn, (Guangyu An), wgds@rcees.ac.cn. (Dongsheng Wang).

https://doi.org/10.1016/j.jes.2018.12.017
1001-0742 © 2019 The Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences. Published by Elsevier B.V.

J O U RN A L OF E N V I RO N M EN TA L S CI EN CE S 80 (2 0 1 9 ) 2 4 0–2 4 7

neutralization degree and rate, base strength, agitation and
temperature, etc. (Tang, 1998). Although many efforts have
been made to clarify the process of hydrolysis and mechanism for formation of different Al species, a number of
ambiguities still exist. One of the most difficult challenges is
to identify and separate various Al species. By 27Al nuclear
magnetic resonance (NMR) and X-ray diffraction (XRD) technologies, the nano-scale polycation AlO4Al12(OH)24(H2O)7+
12
(Al13) was discovered and identified in PAC13 solution, which
has been widely studied in coagulation science (Akitt and
Farthing, 1978; Bottero et al., 1981). Then a method for
separation and purification of Al13 was developed (Shi et al.,
2007; Yu and Cai, 2014). Subsequently, Al30O8(OH)56(H2O)18+
24
(Al30) was discovered and identified by 27Al-NMR characterization, which opened a new avenue to develop new effective
coagulants (Fu et al., 1991). In 2000, the structure of Al30 was
determined by single crystal X-ray diffraction technology
(Allouche et al., 2000; Rowsell and Nazar, 2000).
The Al30 polycation is about 2 nm in size and carries a very
high positive charge of +18 (Phillips et al., 2003). Generally,
Al30 has been synthesized by thermal treatment of PAC13
solution under high temperature. Al13 can be capped by one Al
monomer and isomerized into δ-Al14, then two δ-Al14 moieties
can be connected by four Al monomers to assemble the Al30
polycation (Allouche and Taulelle, 2003). The mechanism for
formation of Al30 is relatively clear from experimental results,
however, a product with high content of Al30 is difficult to
obtain by thermal synthesis.
Obviously, Al30 has higher charge and larger molecular size
than Al13, which can result in better coagulation efficiency,
according to coagulation theory. Many studies have been
carried out to test the coagulation properties of Al30 in the
form of PAC30. Mertens et al. (2012) indicated that PAC30
showed great performance in removing As(III) and As(V) from
contaminated well water. In addition, PAC30 exhibited higher
turbidity removal efficiency compared to Al13 and AlCl3 due to
its great capacity for forming flocs (Chen et al., 2006). Currently,
all studies have been based on PAC30, in which other Al species
(mainly Al13) coexisted and obscured the real coagulation
performance of Al30, even when the content of Al30 in PAC30
was as high as 75%. This made it difficult to investigate the
coagulation mechanism of Al30 and the interaction between
Al30 and pollutants. Therefore, preparation of pure Al30
products is very important to obtain a deep understanding of
its coagulation performance, and can also help in the study of
the physical and chemical properties of Al30 under various
conditions, such as its stability at different Al concentrations,
at different pH values and temperatures, etc.
According to previous research, there are several methods
for separating and purifying Al13, such as precipitation/
metathesis and organic solvent precipitate methods (Yu and
Cai, 2014). To find an effective purification method for Al30,
this work compared several purifying methods and developed
a new method based on organic complexation reactions. The
organic complexation method refers to the Ferron colorimetry
assay. The mechanism is to eliminate the impurities form
PAC30 solution and obtain large-scale high purity Al30 products. XRD, 27Al-NMR and Al Ferron assay were used to
optimize the purification conditions and examine the purity
of the Al30 products.
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1. Experimental
1.1. Preparation of PAC30
All reagents were of analytical grade and used without further
purification. PAC30 solutions with different basicity (denoted
as B, B = OH−/Al, set as 1.5, 1.8, 2.2, 2.5) were prepared from
AlCl3·6H2O and Na2CO3. The concentrations of Al were set as
0.1 mol/L and the amounts of Na2CO3 were determined
according to the target basicity. AlCl3·6H2O and Na2CO3 were
respectively dissolved in water first, then a peristaltic pump
was used to titrate the corresponding Na2CO3 solution into the
AlCl3 solution slowly under stirring in a 500-mL glass reactor.
The reaction temperature was set as 50°C. When the addition
of base was finished, the solutions were cooled down to room
temperature and left to stand for 12 hr, and the PAC13
solutions for use in further synthesis were obtained. PAC30
solutions were obtained by heating PAC13 solutions at 95°C
under stirring for 48 hr. The solution with the highest content
of Al30 was used to conduct subsequent purification
operations.

1.2. Separation and purification of Al30
1.2.1. Precipitation/metathesis method
100 mL of the PAC30 solutions were transferred into 200-mL
glass beakers. Na2SO4 powder was added into the solutions
with stirring, The SO2−
4 /Alt (total Al concentration) ratios were
set as 0.2, 0.4, 0.6, 0.8, 1 and 2, respectively. After reacting for
24 hr, the sulfate precipitates were separated by centrifugation and dried by freeze-drying. Ba(NO3)2 was used to release
Al30 from the solids by a metathesis reaction, and the Ba2+/
SO2−
4 ratio was set as 1:1. In the experiments, Ba(NO3)2 was
dissolved in water and added into the sulfate precipitate
suspensions under stirring. When the metathesis reaction
finished after 3 hr, the resulting BaSO4 precipitate was
removed by filtration through a 0.45-μm membrane. The Al
species in the filtrates were examined by Ferron assay, and
the final products were obtained by freeze-drying.

1.2.2. Organic solvent precipitation method
Three mixed organic solvents were used to separate and
purify Al30, i.e. ethanol (E)–dioxane (D) mixed solvent, ethanol
(E)–tetrahydrofuran (T) mixed solvent and ethanol (E)–
methylisobutylketone (M) mixed solvent. In the experiments,
the ratio of D–E was set as 4 and 6, T–E was set as 3 and 5, M–E
was set as 3.6, 3.8 and 4. For each 30 L portion of PAC30
solution, 300 mL E–D, 450 mL E–T and 900 mL E–M mixed
solvents were used, respectively. The PAC30 solutions were
added into the corresponding solvents with stirring. The
resulting precipitates were separated by centrifugation and
dissolved in water for further Ferron assay characterization.

1.2.3. Organic complexation method
Four organic compounds were examined based on their
reaction with PAC13, including benzoic acid (BA), salicylic acid
(SA), phenanthroline (Pr) and acetic acid (AA). Firstly, saturated
organic solutions (AA was used without dilution) were
prepared and used for decomposing Al13 impurities in PAC13.
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Fig. 1 – Al speciation of PAC13 (a) and PAC30 (b) as a function of B (OH−/Al).

PAC13 solution was added into the organic solutions according
to the target ratios L:Al = 5:1 and 9:1 under stirring. After 2 hr,
the Al species in the solutions were tested by Ferron assay.
However, the solubility of the organics was too low to achieve
large-scale production of Al30. Therefore, excess solid organics
were directly used and added into the PAC30 solutions to
decompose Al13 under stirring. After 2 hr, the unreacted
organic matters were removed by 0.45-μm membrane filtration. Then, precipitation/metathesis reactions with Na2SO4
and Ba(NO3)2 were used for further purifying Al30.

1.3. Characterization
X-ray diffraction (XRD) was performed on an X'Pert PRO MPD
diffractometer (PANalytical, Holland), operated at 40 kV and
40 mA with Cu-Kα radiation. The scanning rate was 1°(2θ)/min
and the data were collected by a position sensitive detector in
the 2θ range of 5–90°. Liquid and solid-state 27Al-NMR (JNMECZ600R, Japan) was used to examine the existence of Al13
and Al30; the instrument settings were: 3.2 mm diameter
probe; test method single pulse; rotation frequency 18 kHz;
test time 2 hr, recycling delay time 20 sec. Thermogravimetric
analysis (TGA) was carried out on a simultaneous thermal
analyzer (Mettler Toledo) under N2 atmosphere, with heating
from 30 to 1200°C at a rate of 10 K/min.
The Ferron assay was used to examine the Al speciation in
the PAC and purified Al30 solutions. The mechanism is based
on the different kinetics of reactions between Al species and
the Ferron reagent (8-hydroxy-7-iodo-5-quinoline-sulfonic
acid). This method divides Al species into three categories,
Ala, Alb and Alc, respectively (Jardine and Zelazny, 1986). In
this study, the Ferron assay was carried out following
procedures reported by Wang et al. (2004).

2009a). As discussed, Al13 is a constituent moiety in the Al30
structure and acts as a precursor in the synthesis of Al30.
Therefore, preparing PAC13 with high content of Al13 is a vital
prerequisite to further synthesis of Al30. However, a white
precipitate will be inevitably generated on heating PAC13
solutions with high basicity due to formation of high
polymers from Al(III) and OH−. Consequently, it is important
to determine the optimal conditions to balance the preparation of PAC13 and PAC30.
In the experiments, four basicity degrees were tested to
investigate the influence of B on the content of Al13 and Al30 in
PAC, and the results are shown in Fig. 1. It has been confirmed
that the Alb fraction determined by the Ferron assay is in good
consistency with Al13 as analyzed by 27Al-NMR (Parker and
Bertsch, 2002). Generally, Al13 belongs to Alb and Al30 belongs
to Alc, and the two Al species display different kinetics when
reacting with the Ferron reagent (Chen et al., 2009b). It could
be seen that Alb increased steadily with the increase of
basicity from 1.5 to 2.5 in PAC13 (Fig. 1a). When the basicity
increased from 2.2 to 2.5, the content of Alb was nearly stable
and higher than 80%. After thermal treatment, the contents of
Ala, Alb and Alc in PAC were greatly changed, due to effective
transformation from Al13 into Al30 (Fig. 1b). The content of Alc
increased as B increased from 1.5 to 2.2 in PAC30. When B
increased to 2.5, an obvious white precipitate was generated,
indicating that high basicity was not good for preparation of
Al30.
Considering the above results, PAC30 prepared under
conditions of Alt = 0.1 mol/L and B = 2.2 was used as the Al30
source for subsequent purification procedures, in which the
Al speciation was determined as follows: Ala 12.51%, Alb
11.56%, Alc 75.92%. Al30 was the dominant species and Al13
was the main impurity.

2.2. Purification by precipitation/metathesis method

2. Results and discussion
2.1. Effect of basicity on speciation of PAC30
There are many factors influencing the Al speciation in PAC.
According to previous studies, optimal PAC13 can be prepared
in conditions of Alt = 0.1 mol/L and B = 2–2.5 (Chen et al.,

Previous studies indicated that the hydrolyzed Al species with
different polymerization degrees display different chemical
properties when they react with SO2−
4 as follows (Wang et al.,
2000).
Ala þ SO4 2− →ðAla Þ SO4 2−



ð1Þ
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2.3. Separation of Al30 by organic solvent method

Fig. 2 – Al speciation of PAC30 after precipitation/metathesis.


−
Alb þ SO4 2 →ðAlb Þ SO4 2− ↓

ð2Þ


Alc þ SO4 2− →ðAlc Þ SO4 2− ↓

ð3Þ

Ala, Alb and Alc are Al species representing oligomers,
medium polymers and high polymers, respectively. Reaction
(1) generates a soluble complex while the other two generate
precipitates. As discussed, the rate of Reaction (2) was slow
enough to form a crystalline precipitate of Alb sulfate, but for
high polymer Alc, Reaction (3) rapidly produced an amorphous
precipitate. In the other words, Al30 will react with SO2−
4 to form
a precipitate before reacting with Al13. Based on this idea,
adding Na2SO4 into PAC30 solution in batches may realize the
separation of Al30 from various other Al species. Experimentally, different SO2−
4 /Alt ratios were adopted to purify Al30, with
the purpose to explore the proper SO2−
4 /Alt ratio leading to
successful separation of Al30. To achieve effective precipitation
of Alc, the minimum SO2−
4 /Alt ratio was set as 0.2.
Unexpectedly, as shown in Fig. 2, the contents of Alc after
precipitation and metathesis were always about 80% for
different SO2−
4 /Alt ratios, and about 15% Alb still existed in
each product. The yield of sulfate products increased with
increasing SO2−
4 /Alt ratio proportionally, indicating that the
dosage of SO2−
4 had no influence on the Al speciation of the
resulting products. This method has difficulty separating and
purifying Al30, due to its poor resolution between Alb and Alc.
It is supposed that Alb and Alc have similar reaction properties
with respect to SO2−
4 , so that Reactions (2) and (3) will occur
simultaneously for PAC30 with closely similar kinetics.

The solubility of different Al species is different due to their
varying molecular structures and weights. In addition, the
solubilities of most inorganic salts are generally much smaller
in organic solvents than in water. Therefore, different Al
species can be precipitated out in sequence by adding an
organic solvent into an aqueous PAC solution. Theoretically,
Alc will be precipitated out first due to its high molecular
weight and size, then Alb and Ala. Al30 can be separated and
purified with high efficiency by the organic solvent method.
In this study, four organic solvents were used as described
in the experimental section. To determine the best conditions,
three mixed solvents were investigated. According to the
tests, to obtain the maximum Al30 precipitate yield from
30 mL PAC30 solutions, the dosages of D–E, T–E and M–E
solvents were 300, 450 and 900 mL, respectively. In this case,
the polarities of the mixed solvents were similar and had little
influence on the final solutions, so that the precipitation of
Al30 salts was more related to their intrinsic properties. As
shown in Fig. 3, the Ala contents in all resulting products
decreased from 12% to about 5%, and Alc contents all
increased at different levels, which was consistent with
theoretical predictions.
In particular, the content of Alc could reach up to 92.9% in
the condition of M:E = 4:1. This method is simple to operate
and readily available to separate Alc from PAC30 when proper
solvents are used. However, it was difficult to obtain a large
amount of Al30 products by this method. Besides, this method
will waste large amounts of organic solvent and be harmful to
the environment. Therefore, it is necessary to develop a more
environment-friendly, economical and efficient method for
separation and purification of Al30 to meet the needs of
further research.

2.4. Purification by organic complexation method
The Ferron assay is a simple and reliable method to characterize the Al speciation of PAC; during the reaction, Alb reacts with
the Ferron reagent and decomposes into monomers, while Alc
remains in the solution. It should be a potential way to purify
Al30 by pre-eliminating the main impurity Alb by the Ferron
reaction. However, the Ferron reagent has low solubility in
water and high cost, so it was hoped that new alternative
organics could be applied to achieve the same purpose. Herein,

Fig. 3 – The Al species distribution of resulting precipitates after extraction by organic solvents: (a) tetrahydrofuran–ethanol
(T–E) mixed solvent, (b) dioxane–ethanol (D–E) mixed solvent, (c) methylisobutylketone–ethanol (M–E) mixed solvent.
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Fig. 4 – The Al speciation of PAC13 after PAC13 reacted with organics at L/Al ratio of 5:1 (a) and 9:1 (b).

four common organic compounds were examined to study
their reaction properties with PAC30. Then the optimal
conditions for purifying Al30 were investigated and the thermal
stability of the Al30 salt was studied.

2.4.1. Exploration of organics
To select effective organics, four candidates were examined by
reacting with PAC13 firstly. As shown in Fig. 4, the distribution
of Al species greatly changed after reactions. The content of Alb
greatly decreased while Ala increased markedly.
The results indicated that Alb decomposed into monomers
under the attack of the organics. The reduction ratio of Alb at L:
Al = 9:1 was larger than 5:1, because use of more organics could
lead to faster decomposition of Alb, which was consistent with
reaction kinetics theory. It was noteworthy that BA showed the
best performance in decomposing Alb, so that only 1.9% Alb was

left at a 9:1 ratio. However, the content of Alc increased compared
to the original PAC13, especially under the L:Al = 9:1 condition.
The reason was that the PAC13 solutions were directly tested by
Ferron assay after being reacted with the organics without
further treatment. The soluble organics interacted with Al(III)
and disturbed the complexation reaction between the Ferron
reagent and the Al monomers. As a result, a part of the Al
monomers could not be detected by the Ferron assay and
classified as Alc. In general, four organic compounds were used
to decompose Alb successfully, of which BA showed the best
performance. AA would decompose Alb and Alc simultaneously
and was not suitable to purify Al30. BA, SA and Pr were used for
further investigation. However, these organics faced limitations
in treating PAC30 products at large scale due to their low solubility
in water. Therefore, adding excess solid organics directly into the
PAC30 solutions was adopted in subsequent studies.

Fig. 5 – (a) The Al speciation of final solid products, (b) solid state 27Al-NMR spectrum of purified Al30 products and (c) structure
of Al30.
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2.4.2. Purification of Al30 by adding solid organics

Fig. 6 – The 27Al nuclear magnetic resonance spectroscopy
spectra of PAC13 solution (a) and the resulting solution
treated by BA (b).

Fig. 7 – The change of Al speciation of PAC30 over time after
benzoic acid was added.

Fig. 8 – The residual Al concentration changes with time after
addition of Na2SO4.

As mentioned above, excess solid BA, SA, Pr were directly
used to treat PAC30 solution, and the final products were
obtained by further precipitation/metathesis treatment.
As shown in Fig. 5a, it can be seen that the content of Alc
was highest with use of BA, and the purity reached up to 92%.
Pr and SA showed lower purification efficiency for Al30, so the
following experiments and results were all based on BA.
According to solid state 27Al-NMR (Fig. 5b), the main composition of the resulting solid was Al30, corresponding to the
signal at 70 ppm, which was assigned to the tetrahedral Al (T)
of Al30 (Fig. 5c). The signals for octahedral Al included a
characteristic peak near + 5 ppm and a broad shoulder near
−20 ppm.
To confirm the capability of solid BA to decompose Al13,
PAC13 solution was treated by excess solid BA, and 27Al-NMR
was applied to detect the existence of Al13. As shown in Fig. 6,
the signal (at 63 ppm) assigned to Al13 clearly disappeared
after PAC13 reacted with BA for 2 hr (Tang and Luan, 1997).
Although it was hard to form a chelating structure with BA,
the coordination effect was strong enough to decompose Al13.
The mechanism of Al13 decomposition involved competition
of the carboxyl group with hydroxyl and water to destroy the
dissociation equilibrium of Al13, resulting in gradual movement of the equilibrium in the direction of decomposition.
Al30 could remain in the presence of BA and other organics
due to its stable structure. The Al30 polycation is comprised of
two isomerized Al13 and four Al monomers, and the lengths of
Al–O bonds in the central AlO4 unit were changed compared
to the original Al13 structure (Allouche and Taulelle, 2003). As
shown in Fig. 5c, three yellow Al–O bonds (0.18 nm) are
shorter than those in Al13, which stabilizes the two Al13
moieties. Also, a previous study showed that Al30 was more
stable than Al13 under acidic conditions (Chen et al., 2009a).
To explore the optimal reaction time for purification, the Al
species distribution was characterized by Ferron assay along
with time after BA was added into the PAC30 solution. As
shown in Fig. 7, the content of Alb decreased while Alc kept
increasing over time in the first two hours and remained
stable in the following hours. Therefore, to completely
decompose the Alb in PAC30, two hours can be adopted as
the optimal reaction time.
was
When the decomposition reaction finished, SO2−
4
added into the resulting filtrate to precipitate Al30 by forming

Fig. 9 – The scanning electron microscope images of Al30 sulfate precipitate.
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Fig. 10 – X-ray diffraction patterns of Al30 sulfates.

Al30 sulfates. As shown in Fig. 8, nearly 84% of total aluminum
was precipitated out with the SO2−
4 /Al ratio of 1.0 after reacting
for 24 hr. The residual Al left in solution was mainly Al
monomers and soluble complexes. In order to obtain a high
yield of Al30, the precipitation reaction is expected require
over 24 hr. In addition, crystals of Al30 sulfate with good
quality can be obtained after standing for one week. In the
metathesis reaction, to prevent excess Ba2+ from remaining in
the Al30 product, a Ba/SO2−
4 ratio of 0.8 was adopted in our
experiment, and almost all Ba2+ was precipitated in the form
of BaSO4, where only 0.01 mg Ba2+ remained corresponding to
1 mg Al(III). In addition, the content of residual benzoic acid
was very low. If the Al30 product were used as a coagulant in
water treatment, it would lead to no harm to the environment
and human health.

2.4.3. SEM and XRD Characterization of Al30 sulfate
The morphology of Al30 sulfate was characterized by SEM, and
the results are shown in Fig. 9. It can be seen that Al30 sulfate
is a kind of fluffy solid, which is composed of a mass of leafshape crystals. The leaf-like crystals are thin and uniform in
appearance, indicating that the Al30 sulfate generated by the
organic complexation method is of high purity.
XRD patterns for Al30 sulfates are shown in Fig. 10, and the
two patterns correspond to Al30 sulfates obtained from original

Fig. 11 – Thermogravimetric analysis (a) and differential
scanning calorimeter (b) curves of the Al30 sulfate and final
Al30 product.

Fig. 12 – X-ray diffraction patterns of Al30 sulfate and Al30
nitrate after heating at 850°C.

PAC30 and treated PAC30, respectively. It can be seen that the
crystallinity of Al30 sulfate improved after being treated by BA,
indicating that the impurities in PAC30 were mostly eliminated.
The SEM and XRD results both indicated that the organic
complexation method was effective to purify Al30.

2.4.4. Thermal behavior of Al30 salt
The TGA and DSC curves of two Al30 salts (Al30 sulfate and the
final Al30 product) are shown in Fig. 11. The TGA curve of Al30
sulfate was similar to that of Al13 sulfate (Wang and
Muhammed, 1999). Both samples lost crystal waters at 30–
100°C easily. Coordinated waters and hydroxyl groups were
lost gradually in the temperature range of 300–400°C. The
sulfate anion began to decompose at about 770°C. For the final
Al30 product, the loss of coordinated water and hydroxyl
species could be observed at 550–700°C, then the curve
became constant after the temperature reached 700°C. The
XRD results indicated that the two Al30 salts became α-Al2O3
and δ-Al2O3, respectively after calcination (Fig. 12), and Al30
was a meta-stable compound (Wang and Muhammed, 1999).

3. Conclusions
Basicity was observed to affect the content of Al30 in PAC30
significantly. PAC30 with a high content of Al30 can be
obtained under the conditions Alt = 0.1 mol/L and B = 2.2.
The ratio of SO2−
4 /Al had no obvious influence on the
purification of Al30 by the precipitation/metathesis method.
It is possible to purify Al30 organic by the solvent precipitation
method by reducing its solubility, but the large consumption
of solvents and high cost limits practical application. In this
paper, a new effective method for purifying Al30 was
developed based on organic complexation. By this method,
the main impurity Al13 in PAC30 can be decomposed by attack
with BA, then a high purity Al30 product is obtained via
precipitation/metathesis operations. Notably, it takes only
2 hr to completely decompose Al13, which is beneficial for the
preparation of a large amount of Al30 products. In addition,
since the consumption of benzoic acid was not too high and
Ba2+ was all transformed into BaSO4, which can be used as a
raw material to manufacture gypsum, the whole cost for
purification of Al30 was acceptable, especially for some
specific applications. Al30 is a meta-stable polycluster and
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will transform into Al2O3 after calcination. Preparation of pure
Al30 products can help in the study of the properties of Al30,
avoiding interference by other Al species in experiments. In
the future, the stability and coagulation properties of Al30 will
be studied based on this research.
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