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Abstract

Layer double hydroxides (LDHSs) including MgFe-Cl (2:1), MgAI-ClI (2:1), ZnFe-Cl (2:1) and ZnAlI-ClI (2:1) were
synthesized by co-precipitation followed by calcination in air at 400 °C. The as-synthesized LDHs were characterized
by powder X-Ray Diffraction, Scanning Electron Microscopy, Fourrier Transform Infrared spectroscopy and Brunauer
Emmett Teller nitrogen adsorption method and tested for adsorption of arsenate (AsO,>) and chromate (CrO,*). The
powder X-Ray Diffraction and Scanning Electron Microscopy revealed that the synthesized LDHs possess high
crystallinity and hierarchical structure. At initial concentration ([AsO,>] or [CrO,*] = 100 mg/L), more than 99 % of
AsO,* and CrO,* were removed by MgFe-Cl and MgAI-Cl. Approximately 71.62 % of AsO, and 86.54 % of CrO,*
were removed by ZnAlI-Cl. While the removal of AsO,* and CrO,* by ZnFe-Cl were 78.33 % and 90.7 %, respectively.
Thus, present work has demonstrated that MgFe-Cl and MgAI-Cl is an interesting potential adsorbent application for

AsO,* and CrO,* decontamination technology.
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1. INTRODUCTION

Layered double hydroxides (LDHs) or
hydrotalcite-like compounds are a class of
nanostructured anionic clays. The general formula of
LDHs is [M,2*"ME*(OH);] **(A™)yn'mH,0, where
M?* is the divalent cation, M*" is the trivalent cation,
X is the molar ratio of M*/(M**+M®*"), and A is the
interlayer anion of valence n. LDHs consist of
positively charged brucite-like sheets which are
balanced by the intercalation of anions in the
hydrated interlayer regions [1, 2]. LDHs have many
applications in a variety of areas such as adsorbent,
drug delivery, controlled release of herbicide, etc.
LDHs have been used as such or (mainly) after
calcination, the most interesting properties after
calcination are large surface area, good anion
exchange capacities and regeneration ability [1, 3,
4]. Due to these properties it’s ensured that this

adsorbent can be excellently utilized in wastewater
purification [5].

LDHs have number of advantages over other
materials for environment remediation applications,
as they are nontoxic, cheap and easily to prepare.
Recently, LDHs have been successfully used as
adsorbents for removal a variety pollutants, such as
phosphate [6-10], nitrate [11-15], chromate [16-19],
selenate and arsenate [20-24]. These studies have
shown that feasibility of using LDHs for scavenging
oxyanion in drinking water and industrial
wastewater.

In this work, by taking advantage of the
characteristic “reconstruction effect” of LDHs
material, LDHs were synthesized by co-precipitation
followed by calcination in air at 400 °C. Then, these
synthesized materials were characterized by using
various method including SEM, XRD, IR, BET.
Furthermore, arsenate and chromate removals by
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these materials were evaluated.
2. EXPERIMENTAL
2.1. Chemical

All chemicals were of analytical grade. The iron
(11) chloride hexahydrate (FeCl;. 6H,0), Aluminum
chloride hexahydrate (AICI;.6H,0), Magnesium
chloride hexahydrate (MgCl,.6H,0), Zinc chloride
(ZnCly), Sodium hydroxide (NaOH), Sodium
arsenate (Na,HAsO,.7H,0) and Potassium chromate
(K,CrO4) were purchased from Xilong Chemical
Factory, Guang Dong and Shanghai Chemical
Company.

2.2. Preparation of LDHs powder

LDHs containing MgFe-Cl, MgAI-Cl, ZnFe-Cl
and ZnAl-Cl with Mg/Fe, Mg/Al, Zn/Fe, Zn/Al
molar ratio of 2 were prepared by co-precipitation
method using aqueous solution of MgCl,, ZnCl,,
AICI; and FeCls. The solutions containing precursor
compounds (Mg/Fe, Mg/Al, Zn/Fe, Zn/Al) were
added dropwise at 2ml/min into alkali solution of
1M NaOH (pH = 11+0.2) at 6545 °C under vigorous
stirring at 400 rpm. The pH of the solution was
maintained at 11 by addition 2M NaOH. The
mixture was then aged at 65 °C for 24 hours in
mother liquor. The obtained materials were
centrifuged, washed and dried at 65 °C for 24 h and
then calcined at 400 °C for 4 h in an electric muffle
furnace (Vulcan 3-103).

2.3. Characterization of LDHs powder

X-ray diffraction (XRD) patterns of materials
were recorded on a Bruker D8 Advance
diffractometer. The patterns with the CuKa
radiation (A = 1.54051 A) at 40 kV and 40 mA were
recorded in the region of 26 from 5° to 70°. Specific
surface area (BET surface area) of materials was
measured with Quantachrome Autosorb 1 apparatus.
Scanning Electron Microscopy (SEM) images were
obtained using JEOL microsope with an accelerating
voltage of 20 kV. Fourrier Transform Infrared (FT-
IR) spectra were recorded using KBr pallet
technique in the region 4000-400 cm™ on a Bruker
Vector 22 spectrometer.

2.4. Arsenate and chromate adsorption
The arsenate (AsO,*) and chromate (CrO.%)

sorption experiments were conducted with 0.5 g of
LDHSs powder in 100 mL solution at concentration of
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AsO,* or CrO,” 100 mg/L. The studies were carried
out at ambient temperature (28+2°C). All
experiments were performed in triplicate. Contact
time was set at 8 h; the samples were taken and
filtered through a 0.45 pm membrane filter. The
concentration of AsO,* and CrO,* were analyzed by
atomic absorption spectrometry (AAS, Shimadzu
6800, Japan). The sorption capacity (q, mg.g™) was
calculated using the following equation:

Ci_Cr XV
- A= m
where C; (mg L™) is the initial concentration of the
arsenate or chromate in solution; C; (mg L) is the
final arsenate or chromate concentration in aqueous
phase, V (L) is the volume and m (g) is the mass of
the adsorbent.

3. RESULTS AND DISCUSSION
3.1. Characterization of materials

XRD patterns of as-synthesized and calcined
LDHs materials areshown in Figs. 1 and 2,
respectively. It is obviously seen that almost all
diffraction peaks was sharp and symmetrical,
indicating a good crystallinity. Several characteristic
peaks were located at 11.20° (003), 22.50° (006), 35°
(009) and 60° (110) (Fig.1), which can be indexed to
typical brucite-like LDH materials [25]. These peaks
are consistent with the report data [26]. The basal
spacing and BET surface areas of materials are
presented in table 1.
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Figure 1: XRD patterns of as-synthesized LDHs

The morphology of materials is shown in Fig. 3.
SEM images proved that MgFe-Cl and MgAlI-Cl had
a polygon structure which has similar shape with
ZnAl LDH [26], while ZnFe-Cl and ZnAl-Cl
materials had a rod structure.

FT-IR spectra of MgFe-Cl, MgAI-Cl, ZnFe-ClI
and ZnAl-Cl are displayed in Figure 4. The board
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' Figure 4: FT-IR spectra of as-synthesized LDHs
Figure 3: SEM images of as-synthesized LDHs () MgFe-Cl, (b) MgAI-Cl, (c) ZnFe-Cl, (d) ZnAlI-Cl
(magnification, X 30 000; bar, 100 nm)

An intense broad band at 3417-3451 cm™ might
be due to physically adsorbed water. The spectrum

of these compound showed an intense band at

absorption bands in these compounds appeared in
the ranges of 3417-3451 cm™ and 1627-1635 cm™
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around 860-895 cm™ associated with the chloride
ion vibration [27]. A weak peak recorded at 2926 -
2924 cm™ has been ascribed to the OH stretching
mode of inter layered water molecules [28]. The
lattice stretching and bending vibrations ascribed to
O-M and O-M-O bonds were also observed at
absorption band below 800 cm™.

Table 1: Basal spacing do; and BET
surface area of materials

Materials | dgos (A) | BET surface area (m?/g)
MgFe-Cl | 7.835 49.02
MgAI-ClI 7.711 52.80
ZnFe-Cl 7.836 49.00
ZnAl-Cl 7.580 47.30

3.2. Arsenate and chromate adsorption

The adsorption of AsO,> and CrO/ by
synthesized LDHs was evaluated at constant initial
concentration ([AsO,*] or [CrO,*] = 100 mg/L).
The resutls for removing AsO,> and CrO,* as well
as sorption capacity of synthesized LDHs are
presented in table 2.

Table 2: AsO,* and CrO,* adsorption on LDHs
(mean value, n = 3)

Materials % removal g (mg/qg)
AsO,>

MgFe-ClI 99.97 20.00

MgAI-CI 99.91 20.00

ZnFe-Cl 78.33 15.66

ZnAl-Cl 71.62 14.33
CrO”~

MgFe-ClI 99.04 19.81

MgAI-CI 99.40 19.90

ZnFe-Cl 90.70 18.14

ZnAl-Cl 86.54 17.31

The results of this study has shown that the
removal efficiency of AsO,> and CrO,* by MgFe-Cl
and MgAI-CI were significantly high, more than 99
%. The sorption capacity of MgFe-Cl and MgAI-Cl
were about 20 mg/g for AsO,* and 19.8-19.9 mg/g
for CrO,*. While ZnAl-Cl removed about 71.62 %
and 86.54 % for AsO,> and CrO,”, respectively.
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Sorption capacity of ZnAl-Cl was 14.33 mg/g for
AsO,* and 17.31 mg/g for CrO,%. In case of ZnFe-
Cl, AsO,* removal rate was about 78.33 % while it
was about 90.7 % for CrO,*. Sorption capacity of
ZnFe-Cl was 15.66 mg/g for AsO,* and 18.14 mg/g
for CrO,%. It has been observed from previous
studies that the capacities of MQgAICO; LDH for
chromate adsorption of ~ 17 mg/g [17] and arsenate
adsorption range from 15.8 to 32.6 mg/g [24].
Therefore, MgFe-Cl and MgAI-Cl in this study
demonstrated excellent AsO,> and CrO,* sorption
efficiency.

4. CONCLUSSION

Layered double hydroxides (LDHs) including
MgFe-Cl, MgAI-Cl, ZnFe-Cl and ZnAl-Cl has been
successfully synthesized by coprecipitation method.
The XRD, SEM of these LDHs illustrated high
crystallinity. The above findings indicate that both
MgFe-Cl and MgAI-CI are an interesting potential
adsorbent which is suitable for further exploration in
order to fully realize its application to AsO,> and
CrO,* decontamination technology.

Acknowledgments. This research is funded by
Vietham National Foundation for Science and
Technology Development (NAFOSTED) under grant
number 104.05-2013.36.

REFERENCES

1. K. H. Goh, T.T. Lim and Z. Dong. Application of
layered double hydroxides for removal of oxyanions:
A review, Water Research, 42, 1343-1368 (2008)

2. Cavani F, Trifirdo F and Vaccari A. Hydrotalcite-type
anionic  clays: preparation, properties and
applications, Catalysis Today, 11, 173-301 (1991).

3. Vaccari A. Preparation and catalytic properties of
cationic and anionic clays, Catalysis Today, 41, 53-71
(1998).

4. Del Hoyo C. Layered double hydroxides and human
health: An overview, Applied Clay Science, 36, 103-
121 (2007).

5. Yasin Y., Abdul Malek A. H., Sumari S. M. The
application of response surface methodology for lead
ion removal from aqueous solution using intercalated
tartrate-Mg-Al Layered Double Hydroxides, Oriental
Journal of Chemistry, 26(4), 1293-1298 (2010).

6. Badreddine M., Legrouri A., Barroug A., De Roy A.
and Besse J. P. lon exchange of different phosphate
ions into the zincaluminum- chloride layered double
hydroxide, Materials Letters, 38, 391-395 (1999).

7. Seida Y and Nakano Y. Removal of phosphate by
layered double hydroxides containing iron, Water
Research, 36, 1306-1312 (2002).

8. Chitrakar R., Tezuka S., Sonoda A., Sakane K., Ooi K.

650



VIC, 53(5), 2015

and Hirotsu T. Adsorption of phosphate from seawater
on calcined MgMn-layered double hydroxides, Journal
of Colloid and Interface Science, 290, 45-51 (2005).

9. Das J., Patra B. S., Baliarsingh N. and Parida K. M.
Adsorption of phosphate by layered double hydroxides
in aqueous solutions, Applied Clay Science, 32, 252-
260 (2006).

10.P. Kaoilraj and S. Kannan, Phosphate uptake behavior
of ZnAlZr ternary layered double hydroxides through
surface precipitation, Journal of Colloid and Interface
Science, 341 (2010): 289-297.

11.Socias-Viciana, Maria M.; Urefia-Amate, Maria
D.; Gonzalez-Pradas, Emilio; Garcia-Cortés, Maria
J.; Lopez-Teruel, Cristina. Nitrate removal by calcined
hydrotalcite-type ~ compounds, Clays and  Clay
Minerals, 56(1), 2-9 (2008).

12.A. Halajnia, S. Oustan, N. Najafi, A. R. Khataee, and
A. Lakzian, The adsorption characteristics of nitrate
on Mg-Fe and Mg-Al layered double hydroxides in a
simulated soil solution, Applied Clay Science, 70, 28-
36 (2012).

13.Sasai R., Norimatsu W., Matsumoto Y. Nitrate-ion-
selective exchange ability of layered double hydroxide
consisting of Mg" and Fe"', Journal of Hazardous
Materials, 215-216, 311-314 (2012).

14.M. Islam and R. Patel. Nitrate sorption by thermally
activated Mg/Al chloride hydrotalcite-like compound,
Journal of Hazardous Materials, 169, 524-531 (2009).

15. Vuli¢ Tatjana J., Boskovi¢ Goran C. Mg-Cu-Al
layered double hydroxides based catalysts for the
reduction of nitrates in aqueous solutions, Acta
Periodica Technologica, 41, 131-139 (2010).

16.R. L. Goswamee, P.  Sengupta, K. G.
Bhattacharyya, D. K. Dutta. Adsorption of Cr(VI) in
layered double hydroxides, Applied Clay Science, 13,
21-34 (1998).

17.N. K. Lazaridis, T. A. Pandi and K. A. Matis.
Chromium(VI) removal from aqueous solutions by
Mg-Al-CO; hydrotalcites: Sorption-desorption kinetic
and equilibrium studies, Industrial Engineering
Chemical Research, 43, 2209-2215 (2004).

18.N. K. Lazaridis, D. D. Asouhidou. Kinetics of sorptive
removal of chromium (VI) from aqueous solutions by
calcined Mg-Al-COs hydrotalcite, Water Research, 37,

Corresponding author: Nguyen Thi Kim Phuong

Preparation of layered double hydroxides...

2875-2882 (2003).

19.S. L. Wang, R. J. Hseu, R. R. Chang, P. N. Chiang, J.
H. Chen and Y. M. Tzou. Adsorption and thermal
desorption of Cr(Vl) on Li/Al layered double
hydroxide, Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 277, 8-14 (2006).

20.Y. You, G.F. Vance and H. Zhao. Selenium adsorption
on Mg-Al and Zn-Al layered double hydroxides,
Applied Clay Science, 20, 13-25 (2001).

21.R. Liu, R. L. Frost and W. N. Martens. Absorption of
the selenite anion from aqueous solutions by thermally
activated layered double hydroxide, Water Research,
43, 1323-1329 (2009).

22.S. L. Wang, C. H. Liu, M. K. Wang, Y. H. Chuang
and P. N. Chiang. Arsenate adsorption by Mg/AI-NO;
layered double hydroxides with varying the Mg/Al
ratio, Applied Clay Science, 43, 79-85 (2009).

23.G. P. Gillman. A simple technology for arsenic
removal from drinking water using hydrotalcite,
Science of The Total Environment, 336, 926-931
(2006).

24.N. K. Lazaridis, A. Hourzemanoglou, K. A. Flotation
of metal-loaded clay anion exchangers. Part Il: the
case of arsenates, Chemosphere, 47, 319-324 (2002).

25.Mingfie Shao, Jingbin Han, Min wei, David G. Evans,
Xue Duan. The synthesis of hierarchical Zn-Ti layered
double hydroxide for efficient visible-light photo
catalysis, Chemical Engineering Journal, 168, 519-524
(2011).

26.Lu Shao, Yuhuan Yao, Shuai Quan, Huige Wei,
Rongguo Wang, Zhanhu Guo. One-pot in situ
synthesized TiO,/layered double hydroxides (LDHSs)
composites toward environmental remediation,
Materials Letters, 114, 111-114 (2014).

27.K.M. Parida, Lagnamayee Mohapatra, Carbonate
intercalated Zn/Fe Layered double hydroxide: A novel
photocalalyst for the enhanced photodegradation azo
dyes, Chemical Engineering Journal, 178, 131-139
(2012).

28.Ruijuan Lu, Xin Xu, Jiapeng Chang, Yue Zhu, Sailong
Xu, Fazhi Zhang. Improvement of photocatalytic
activity of TiO, nanoparticles on selectively
reconstructed layered double hydroxide, Applied
Catalysis B: Environmental, 111-112, 389-396 (2012).

Institute of Chemical Technology

Vietnam Academy of Science and Technology
1 Mac Dinh Chi str., 1* district, Hochiminh City
E-mail: nguyenthikimp@yahoo.ca.

651


http://www.sciencedirect.com/science/journal/00219797
http://www.sciencedirect.com/science/journal/00219797
http://www.sciencedirect.com/science/journal/00219797
http://www.sciencedirect.com/science/journal/00219797
http://www.ingentaconnect.com/content/cms/ccm;jsessionid=1tvm7uv8n5g4l.alice
http://www.ingentaconnect.com/content/cms/ccm;jsessionid=1tvm7uv8n5g4l.alice
http://www.unboundmedicine.com/medline/?st=M&author=Sasai%20R
http://www.unboundmedicine.com/medline/?st=M&author=Norimatsu%20W
http://www.unboundmedicine.com/medline/?st=M&author=Matsumoto%20Y
http://www.journaldatabase.org/journal/issn1450-7188
http://www.journaldatabase.org/journal/issn1450-7188
http://www.sciencedirect.com/science/article/pii/S0169131798000106
http://www.sciencedirect.com/science/article/pii/S0169131798000106
http://www.sciencedirect.com/science/article/pii/S0169131798000106
http://www.sciencedirect.com/science/article/pii/S0169131798000106
http://www.sciencedirect.com/science/article/pii/S0169131798000106
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lazaridis%20NK%5BAuthor%5D&cauthor=true&cauthor_uid=11996153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hourzemanoglou%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11996153
http://www.ncbi.nlm.nih.gov/pubmed/11996153
mailto:nguyenthikimp@yahoo.ca

