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ABSTRACT

Four new metal-aluminum layered double hydroxides (LDHs): Mg-Al(OH);P04
1, Mg-Al(OH):P0O4PFs 2, Ca-Al(OH):504 3 and Ca-Al(OH):P0O4PFs 4, were prepared by
co-precipitation method followed by mild hydrothermal processing at 60 ° C. Mg?*
and Ca?* in solution with Al3* was titrated with NaOH over 3-5 h to yield Mg-Al and
Ca-Al layered double hydroxides, respectively, incorporating PO+3, PO+ PFs and SO4%
anions in the inter-lamellar spaces. The isolated compounds were characterized with
the help of XRD, IR, SEM/EDAX and their ability to remove scale forming ions from
aqueous system was studied with the help of Atomic Absorption Spectroscopy (AAS).
The SEM micrographs of Mg-0-Al-OH and Ca-0-Al-OH layers intercalated with PO43-
and / or [PO4PFs |* anions are similar consisting of uniform nano- spheres with
average size of 100 nm, while the M-0-Al-OH layer of compound 3, intercalated with
S04 anions consists of hexagonal nano-plate crystals. In the infrared spectra, the
characteristic absorption band for water molecules was observed in all the
compounds. The XRD pattern showed that doiz and dio4 peaks of M-AlI-PO4 LDHs
corresponding to interplanar spacing of 3.4804 and 2.5504 A respectively, shifted to
higher 20 values for M-Al-PO4+PFs system, which indicates a decrease in the
interlamellar spacing as PFs - was incorporated along with PO43- anion. The XRD
pattern for Ca-Al-SO4 LDHs was quite different, showing the presence of low angle
peaks at 20 = 11.68 and 14.72°. The results of the column adsorption studies showed
that there was a significant removal of Ca?* by all the compounds under investigation
with efficiency of 84 -99 %. Whereas compounds 1 and 2 removes Fe?* effectively with
efficiency of 98.73 and 99.77 %, respectively, compounds 3 and 4 were shown to have
little or no effect.

Keywords: Layered double hydroxides, nanospheres, nanoplates, adsorption,
nanostructures

34 | Vol.2. No.5 (2016) www.actaint.com



Acta Scientiae et Intellectus ISSN: 2410-9738

INTRODUCTION

Recently, it has been reported that as gas and oil production progresses, in
many oil fields, the ratio of produced brine water to hydrocarbon often increases.
These brines are corrosive and tend to produce calcite or sulfate scales [1, 2].
Scaling, which stems from supersaturation of mineral ions in the process fluid, is
the deposition of a mineral salt on processing equipment. A natural gas well will,
besides producing natural gas, also produce water and carbon dioxide (COz). The
produced water can come from two sources: water vapor in the gas that condenses
into liquid water and formation water containing salts [3]. This water is the source
of hydrate formation and in combination with CO», forms a weak carbonic acid
(H2C03), as shown in equation 1. Scaling is caused by salts and can occur when the
produced water contains formation water [4].

CO2 (g) + H20 (1) = H2CO3 (aq) (D)

This carbonic acid will continue to dissociate hydrogen, creating new
deprotonated species of carbonic acid, as seen in equations 2 and 3.

H>CO3 (aq ) + H20 (1) = H30* (aq ) + HCO3~ (aq) (2)
HCOs3~ (aq ) + H20 (1) = H30* (aq ) + CO32- (aq ) (3)

In the water mixture there will be a mixture of H2CO3, HCO3~ and COs32-.
Finally, in the presence of calcium and carbonic acid, calcium carbonate will
precipitate out [5, 6].

CO32- (aq ) + Ca?* (aq ) = CaCOs3 (s) (4)

The Composition of the formation water varies greatly with the reservoirs,
but the usual constituents are Na*, Ca?*, K*, Mg?*, Fe2*, Cl-, SO4%2- and HCO3". Long
pipelines are constructed of carbon steel [6]. Carbonic acid will corrode the iron in
the pipeline wall, producing iron carbonate. This iron carbonate can precipitate in
the production fluid and follow the gas and liquid flow, causing problems
downstream.

Fe (s) + H2CO3(aq) = FeCO3(s) + Hz(g) (5)

The formation of scale blockage inside oil wells constricts the flow of
geothermal fluids in these wells thus significantly reducing their output [7].
Furthermore, fresh water and marine sediments are contaminated by oil spills
along with urban runoffs, industrial and domestic effluents. This poses a serious
concern as the presence of contaminants affects aquatic organisms. Inorganic
nanomaterials with well-defined cavities and surfaces have great potential for
remediating today’s environmental and industrial problems [8]. Nanostructured
layered double hydroxides (LDHs) are promising materials in waste water
treatment due to their ability to capture organic and inorganic anions [9,10].
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Layered double hydroxides (LDHs) are a class of anionic clays with the structure
based on brucite (Mg(OH)z)-like layers [11-15]. The lattice structure of LDHs with
the general formula [M%*1_xM3*(OH)2]**(A™)x/n'yH20, have a positively charged
brucite-shaped layers, consisting of a divalent metal ion M2+ (e.g., Ca2*, Zn2+, Mg?+,
and Ni?*) octahedrally surrounded by six OH- hydroxyl groups [16-18]. The
substitution of the M?* metal with a trivalent M3+ cation gives rise to the periodic
repetition of positively charged sheets (lamellas) alternating with charge-counter
balancing A" ions. These LDHs have found wide spread applications in diverse
areas as sensors [19-20], adsorbents in waste water treatment [21], catalytic
removal of soot and NOx in vehicle engine exhausts [22] and as drug and gene
carriers [23-25].

During the course of our investigation of LDHs as scale inhibitor, we were
interested in using Mg and Ca as divalent metal ions to prepare Mg-Al and Ca-Al
layered double hydroxides intercalated with PO43, PO43-/PF¢ and SO42- anions and
we have been successful in synthesizing four new LDHs with nanostructures viz:
Mg-Al(OH)2PO4 1, Mg-Al(OH)2P04PF¢ 2, Ca-Al(OH)2S04, 3 and Ca-Al(OH)2P04PFs, 4.
In this work, the synthesized LDHs nanostructures is being investigated as nano-
filtration materials to remove scale forming ions like Fe2* and Ca?*. The synthesis,
characterization and adsorption properties of these four new compounds have
been reported.

MATERIALS AND METHOD

Materials

Ortho phosphoric acid (H3PO4), magnesium nitrate Mg(NO3)2, aluminum
sulphate [Al2(S04)3], sodium hydroxide (NaOH), sulphuric acid (H2S04), aluminum
hydroxide AI(OH)3, calcium nitrate tetrahydrate [Ca(NO3)2.4H20], 1-butyl-3-
methyl-imidazolium hexafluorophosphate (BMIMPFs). Analytical grade of all the
chemicals were obtained from commercial sources and used without further
purification.

Method

The standard procedure of co-precipitating a divalent with trivalent metal
ions in the presence of a base was followed in the present studies [26-29]. The co-
precipitation was carried out at room temperature and the gel was continuously
and magnetically stirred. The mixture was kept under magnetic stirring for 3 h.
The precipitate was heated in the mother liquor for 18 h at 60°C, and then it was
washed with distilled water and separated by centrifugation. The resulting
material was dried overnight at 70 2C in the incubator. In compound 1,
orthophoshoric acid was used as the source of the PO43- anion. For compounds 2
and 4, 1-Ethyl-3-methylimidazoliumhexafluorophosphate and orthophosphoric
acid were used to introduce PF¢ and PO43- anions respectively. In compound 3, the
source of the SO42- anion was H2S04. In a typical synthesis of 1, a 250 mL solution
containing Mg(NO3)2 (0.0375 mmol), AI(OH)3 (0.0125 mmol) (with Mg-Al ratio of
3:1,) and H3PO4 (0.5 mmol) was added dropwise from burette into a 15 mL
solution of NaOH (2 M) under constant stirring at room temperature for 3 h. The
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mixture with a pH of 10 was heated at 60 °C for 18 h and the resulting slurry was
collected via centrifugation (10 min, 500 min-1). The product was washed thrice
with deionized water before drying. Similar procedure was used for compounds 2-
4, the difference being in the metal and SO4?- ions for compounds 3 and 4.

Characterization

The samples were analyzed by Rigaku MiniFlex II X-ray diffractometer using
monochromatic Cu Ka radiation (4 = 0.1541nm) at the speed of 3s in 26 range
between 5 - 759 and step size of 0.03.

The scanning electron microscopy (SEM) studies of the LDHs were made with
a Field Emission Electron Microscope (FESEM ]JSM-6700 F), coupled with an
energy dispersion analyzer (EDX). The specimens were Au coated (sputtering) to
make them conductive. The SEM acceleration voltage was 10 kV

The Fourier transform infrared (FTIR) spectra for the synthesized LDHs were
recorded over the wave number range of 400 - 4000 cm™! using Perkin Elmer FTIR
spectrometer. The powdered samples were mixed with KBr (in a 1: 200 ratio of
their weight) and pressed in the form of pellets for measurement.

Adsorption Column Experiments

Aqueous solutions of Fe?* and Ca2*
prepared from their salts FeS04.7H20 and
CaClz, respectively were analyzed by
atomic absorption spectroscopy. The
Column was set up by packing 5 g of LDHs
in 20 mL syringes and the metal ion
solution poured through the packed
samples as filter (Scheme 1). The metal
ion solutions collected at the outlet of the
LDH column, the eluded portion (i.e. the
filtrate) were also analyzed by AAS. The
removal efficiency of Fe?* and Ca2* by the
LDHs in percentage was calculated using

the formula: Efficiency (%) = g—“’ (Co =

initial concentration of the ions, C. =

eluded concentration of the ions after
passing through the packed column).

Scheme 1. The experimental set up for
the column adsorption studies

RESULTS AND DISCUSSION

All the metal-aluminum layered double hydroxides were prepared by co-
precipitation method followed by mild hydrothermal treatment at 60 °C. Divalent
metal ions ( Mg and Ca) in solution with Al3* titrated with NaOH over 3-5 h yielded
Mg-Al and Ca-Al layered double hydroxides, respectively. In the present studies,
S042-, PO43- and PFe¢ anions were used in the interlamellar space to balance the
layer positive charge. The conditions chosen for the synthesis provided an aqueous
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solution of Al3* and M?* ( molar fraction Al3*/(Al3* + M?*) = 0.25 and M?+ /AI3* = 3
molar ratio), prepared by dissolving metal salts in distilled water to give M2+-Al-
LDH with ’xX’ around 0.25 (i.e. the composition is more likely represented by
M2*g.75Al0.25(OH)2A™y/n'yH20. Where x/n = 0.083, 0.0625 and 0.123 respectively,
for Am = P043;, [PO4PF¢]* and SO4%).

Figure 1 shows the FTIR spectra of the isolated layered double hydroxides.
The characteristic absorption band for the water molecules was observed in all the
compounds. The band observed in the region 3402 - 3455 cm-! corresponds to the
OH stretching vibration, while the band at 1640 cm! is attributed to the bending
mode of the lattice water. The stretching vibrational modes of PO43 or SO4% units
were observed in the region 1067 - 1029 cm-L. The bands in the region 500-400
cm-1 are attributable to the M -0 vibrations. The various assignments are in good
agreement with similar compounds in literature [28 -35].

Figure 2 shows the representative XRD patterns of the M-Al LDHs. The X-ray
powder diffraction lines of Mg-Al(OH)2POs4, 1, were preliminarily indexed in the
rhombohedral system space group R-3c (167) with the unit cell data : a = b =
4.7602, c = 12.9930 A (Ref. Code= 01-075-1862). The do1z and d1o4 peaks of M-Al-
PO+ LDHs corresponding to interplanar spacing of 3.4804 and 2.5504 A,
respectively shifted to higher 26 angles for Mg-Al(OH),PO4PFs 2, which indicates a
decrease in the interlamellar spacing as PF¢ was incorporated along with PO43
anion. The XRD pattern for Ca-Al(OH)2S04, 3, was quite different, showing the
presence of low angle peaks at 26 = 11.68 and 14.72°, which are indicative of
carbonate anions being incorporated into the inter-lamellar space of LDH. The
presence of the carbonate is due to the fact that the synthesis was carried out in air
at a pH value of 10. The result obtained is in agreement with similar compounds in
the literature [27-29, 35]. Compound 3, crystallizes in monoclinic space group (Ref.
Code = 00-047-0964) with the following cell parameters: a = 12.6700, b = 6.9270
and ¢ = 12.0280 A, Vol.= 1055.63 A3. The di10 peak has a d-spacing of 6.027 A,
whereas the d-spacing for the do;z and dops peaks are 4.474 and 3.005 A,
respectively.

The surface structure and morphology of the metal-aluminum LDHs were
studied with the help of Scanning Electron Microscope (SEM). The representative
SEM images of the as-synthesized layered double hydroxides are presented in
figure 3. The representative SEM micrographs of Mg-0-Al-OH and Ca-0-Al-OH
layers intercalated with PO43- and / or [PO4PFs |* anions are similar consisting of
uniform nanospheres of M-Al layered double hydroxides, while the Ca-0-Al-OH
layer of compound 3, intercalated with SO42- anions consists of hexagonal nano-
plates.
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Figure 1. FTIR spectra of the as-synthesized layered double
hydroxides (a) Mg-AI(OH)2P04 1, (b) Mg-Al(OH)2P04PF6 2,
(c) Ca-Al(OH).S04, 3 and (d) Ca-Al(OH):P0O4PFs, 4.
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Figure 2. XRD pattern of as-synthesized compounds (a) Mg-Al(OH):P0, 1,
(b) Mg-Al(OH):PO4PF;s 2, (c) Ca-Al(OH):S04, 3 and (d) Ca-Al(OH):P0,PFs, 4

The adsorption efficiency of the LDHs in the removal of Fe?* and Ca?* scale-
forming ions from aqueous solutions is presented in Table 1 and 2, respectively.
The analyses of the results are shown in figure 4. The results presented in Table 1
showed that there was a significant removal of Fe?* by compounds 1 and 2 with
efficiency of 98.73 and 99.77 %, respectively, while compounds 3 and 4 have little
or no effect in removing Fe?*. The reduction in the adsorption efficiency of
compound 3 for Fe2* is due to the presence of SO42- in the inter-lamellar space.
Literature reports have shown that the presence of S04% in the inter-lamellar
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space reduces the adsorption efficiency. When both S042- and CO3% coexist, they
had a significant effect upon the adsorption efficiency [30]. It has also been
demonstrated that the interlayer COs? ions in LDHs are difficult to be exchanged
by other anions [31-36]. Furthermore, the reduction in the removal efficiency of
Fe?* by compounds 3 and 4 can be attributed to the larger size of the Ca?* (100 pm)
over Mg?* (72 pm), in addition to the plate-like morphology of 3 with 1 um average
size. The results for Ca?* removal presented in Table 2 and figure 4 showed that all
the synthesized LDHs under investigation were effective in the clean-up with 84-
99 % removal efficiency. The effectiveness of compound 3 in removing Ca?* is
attributed to its affinity for both SO4%- and CO32- anions, which are both intercalated

in the inter-lamellar space.

Table 1. Results of Adsorption study of Fe?*

LDHs Actual Eluded Absorbed Degree Distribution Absorption
amount Amount Amount of surface partition Efficiency
(Co) (Ce) (Ca) coverage Coefficient (%)
(ppm) (ppm) (ppm) () (Kd)
1 9.8526 0.1247 9.7279 0.99 1.01 98.73
2 9.8526 0.0222 9.8304 1.00 1.00 99.77
3 9.8526 8.0994 1.7532 0.18 5.62 17.79
4 9.8526 7.1938 2.6588 0.27 3.71 26.99
Table 2. Results of Adsorption study of Ca?*
LDHs Actual Eluded Absorbed Degree Distribution Absorption
Amount Amount Amount of surface Partition efficiency
(Co) (Ce) (Ca) coverage Coefficient (%)
(ppm) (ppm) (ppm) (9) (Kd)
1 7.7780 0.7165 7.7064 0.99 1.01 99.08
2 7.7780 0.7563 7.0217 0.90 1.11 90.28
3 7.7780 0.7937 6.9843 0.90 1.11 89.80
4 7.7780 1.2238 6.5542 0.84 1.19 84.27
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Figure 3. SEM images of as-synthesized compounds (a) Mg-Al(OH),PO4 1,
(b) Mg-Al(OH):PO4PFs 2, (c) Ca-Al(OH):S04, 3 and (d) Ca-Al(OH):P0,PFs, 4.
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Figure 4. Results for the removal of Fe?* and Ca?* ions by compounds 1-4
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CONCLUSION

In conclusion, four metal-aluminum layered double hydroxides were
prepared by co-precipitating Mg or Ca and Al metal salts with a base under
controlled conditions. The SEM revealed that compounds 1, 2 and 4 consist of
nanoparticles with average size of 100 nm, whereas compound 3 consists of
hexagonal plates with average size of 1 um. The XRD studies showed the
crystalline nature of the nano-LDHs. The results of the column adsorption studies
have shown that there is significant potential for using nano structured LDHs as
nanofilters to remove ions responsible for scale formation in oil wells. Whereas
compounds 1 and 2 can remove Fe?* with greater efficiency, all the synthesized
LDHs nanostructures have been demonstrated to effectively removed Ca?* from
the oil wells.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest in publishing this
article.

ACKNOWLEDGEMENT

This work was supported by The World Academy of Sciences for the
Advancement of Science in developing countries (TWAS) under Research Grant No
12-169 RG/CHE/AF/AC-G -UNESCO FR: 3240271320 for which grateful
acknowledgment is made. A.A.A is also grateful to the Royal Society of Chemistry
for personal Research grant. The assistance of Professor | -G. Mao of Fujian
Institute of Research on the Structure of Matter, Chinese Academy of Sciences, in
the XRD and SEM analyses is gratefully acknowledged.

REFERENCES

1) D. Shen, P. Zhang, A.T. Kan, G. Fu, ]. Farrell, M.B. Tomson (2008),
Control Placement of Scale Inhibitors in the Formation with Stable Ca-
DTPMP Nanoparticle Suspension and its Transport Porous Media.
Proceedings of SPE 114063,1 -20

2) M.B. Tonson, A.T. Kan. and J.E. Oddo (1994) Acid/ Base and Metal
complex Solution Chemistry of the polyphosphonate DTPMP versus
temperature and ionic strength. Langmuir, 10(5), 1442-1449

3) M. Nergaard, C. Grimholt (2010) An Introduction to Scaling causes,
problems and solutions. http://iptibm1.ipt.ntnu.no/~jsg/
undervisning/naturgass/oppgaver/Oppgaver2010/10Nergaard.pdf
retrieved on May 21, 2016

4) O.F Joel, C.A. Amajouoyi, C.U. Nwokoye (2010) Characterization of
Formation Water Constituents and the Effect of Fresh Water Dilution
from Land Rig Location of the Niger Delta, Nigeria. | Appl Sci Environ
Manage. 14(2), 37-41.

42 | vol.2. No.5 (2016) www.actaint.com



Acta Scientiae et Intellectus ISSN: 2410-9738

5) G. V. Chilingar, R. Mourhatch, G. D. Al-Qahtani (2008) Fundamentals of
Corrosion and Scaling - For Petroleum and Environmental Engineers.
Gulf Publishing Company.

6) Sandengen K. Hydrates and Glycols.http://www.ipt.ntnu.no/~jsg/
undervisning/naturgass/lysark/LysarkSandengen2010.pdf;
November 2010.

7) F.L. Siega, E.B. Herras and B.C. Buiiing (2005), Calcite Scale Inhibition:
The Case of Mahanagdong Wells in Leyte Geothermal Production
Field, Philippines Proceedings World Geothermal Congress, 1 - 6

8) B.Zumreoglu-Karan, A.N. Ay (2012) Layered double hydroxides -
multifunctional nanomaterials Chemical Papers, 66 (1) 1-10

9) Y. Kuang, L. Zhao, S. Zhang, F. Zhang, M. Dong, and S. Xu (2010)
“Morphologies, preparations and applications of layered double
hydroxide micro-/nanostructures,” Materials, 3(12), 5220-5235.

10) Y. Lin, Q. Fang, and B. Chen (2014) “Perchlorate uptake and molecular
mechanisms by magnesium/aluminum carbonate layered double
hydroxides and the calcined layered double hydroxides,” Chemical
Engineering Journal, 237, 38-46.

11) F. Cavani, F. Trifirda, A. Vaccaria (1991) Hydrotalcite-type anionic clays:
Preparation, properties and applications. Catal. Today, 11, 173-301.

12) V. Rives (2001) Layered Double Hydroxides: Present and Future; Nova
Science Publishers: New York, NY, USA.

A. L. Khan, D. O’'Hare, (2002) Intercalation chemistry of layered double
hydroxides: Recent developments and applications. J. Mater. Chem. 12,
3191-3198.

13) PJ. Sideris, U.G. Nielsen, Z. Gan, C.P. Grey (2008) Mg/Al ordering in
layered double hydroxides revealed by multinuclear NMR spectroscopy.
Science, 321,113-117.

14) D. Scarpellini, C. Leonardi, A. Mattoccia, L. Di Giamberardino, P.G.
Medaglia, G. Mantini, F. Gatta, E. Giovine, V. Foglietti, C. Falconi, A.
Orsini, and R. Pizzoferrato (2015) Solution-Grown Zn/Al Layered
Double Hydroxide Nanoplatelets onto Al Thin Films: Fine Control of
Position and Lateral Thickness Journal of Nanomaterials, Vol. 2015, 1- 8.

15) M. Yang, E. Tuckley, J-C. Buffet and D. O’'Hare (2016), Rapid efficient
phase pure synthesis of Ca;AINO3 layered double hydroxide. . Mater.
Chem. A, 4, 500-504.

16) M. Everaert, R. Warrinnier, S. Baken, J-P. Gustafsson, D. De Vos, and E.
Smolders (2016), Phosphate-Exchanged Mg-Al Layered Double
Hydroxides: A New Slow Release Phosphate Fertilizer. ACS Sustainable
Chem. Eng., 2016, 4 (8), pp 4280-4287

17) W. Bao, J. Wang, Q. Wang, D. O’Hare and Y. Wan (2016), Layered
Double Hydroxide Nano transporter for Molecule Delivery to Intact
Plant Cells. Sci. Rep. 6, 26738; doi: 10.1038/srep26738

18) D. Shan, S. Cosnier, and C. Mousty (2004) “HRP/[Zn-Cr-ABTS] redox
clay-based biosensor: design and optimization for cyanide detection,”
Biosensors and Bioelectronics, vol. 20, 390-396.

www.actaint.com Vol.2. No.5 (2016) | 43


http://pubs.acs.org/author/Everaert%2C+Maarten
http://pubs.acs.org/author/Warrinnier%2C+Ruben
http://pubs.acs.org/author/Baken%2C+Stijn
http://pubs.acs.org/author/Gustafsson%2C+Jon-Petter
http://pubs.acs.org/author/de+Vos%2C+Dirk
http://pubs.acs.org/author/Smolders%2C+Erik
http://pubs.acs.org/author/Smolders%2C+Erik

Acta Scientiae et Intellectus ISSN: 2410-9738

19) Orsini, F. Gatta, C. Leonardi (2012) “CMOS compatible, low power,
high-sensitivity Zn/Al layered double hydroxides humidity micro-
sensor,” in Sensors: Proceedings of the First National Conference on
Sensors, Rome.

20) G.B. Douglas (2014), Contaminant removal from acidic mine pit water
via in situ hydrotalcite formation../Applied Geochemistry 42, 27-37; F.
Baldini, A. D’Amico, C. Di Natale (2014). vol. 162 of Lecture Notes in
Electrical Engineering, pp. 493-497, Springer,NewYork, NY, USA; G. B.
Douglas, L. A. Wendling, R. Pleysier, M. G. Trefry (2010), Hydrotalcite
Formation for Contaminant Removal from Ranger Mine Process
Water. Mine Water Environ 1-8, DO1 10.1007/s10230-010-0106-4

21) Y. Lin, Q. Fang, and B. Chen (2014) “Perchlorate uptake and molecular
mechanisms by magnesium/aluminum carbonate layered double
hydroxides and the calcined layered double hydroxides,” Chemical
Engineering Journal, vol. 237, 38-46.

22) R. Yang, Y. Gao, J. Wang, and Q. Wang (2014) “Layered double
hydroxide (LDH) derived catalysts for simultaneous catalytic removal
of soot and NOx,” Dalton Transactions, vol. 43, 10317.

A. Forano, T. Hibino, F. Lereoux, and C. Taviot-Gu’eho(2006) “Layered
double hydroxide,” in Handbook of Clay Science, F. Bergaya, B. Theng,
and G. Lagaly, Eds., pp. 1021-1095.

23) Q. Wang and D. O’Hare (2012) “Recent advances in the synthesis and
application of layered double hydroxide (LDH) nanosheets,” Chemical
Reviews, vol. 112, no. 7, pp. 4124-4155.

24) X. Guo, F. Zhang, D.G. Evans, and X. Duan, (2010) “Layered double
hydroxide films: synthesis, properties and applications,” Chemical
Communications, vol. 46, no. 29, pp. 5197-5210.

25) T. Kameda, M. Saito and Y. Umetsu (2006) Preparation and
Characterisation of Mg-Al Layered Double Hydroxides Intercalated
with 2-Naphthalene Sulphonate and 2,6-Naphthalene Disulphonate,
Materials Transactions, Vol. 47, No. 3,923 - 930

26) S. Miyata (1975), The Syntheses of Hydrotalcite-Like Compounds and
Their Structures and Physico- Chemical Properties I: The Systems
Mg2+-Al3+-NO3-, Mg?+-Al3+-Cl-, Mg?+-Al3+-Cl04-, Ni2*-Al3+-Cl- and
Zn%*-Al3+-Cl-, Clays and Clay Minerals, 23, 369-375.

27) S. Miyata (1983), Anion-exchange properties of hydrotalcite-like
compounds, Clays and Clay Minerals, 31, 305-311.

28) S. Miyata (1980), Physico-chemical properties of synthetic hydrotalcites
in relation to composition, Clays and Clay Minerals, 28, 50-56.

29) ].B. Parsa, M. Abbasi (2007), Decolorization of synthetic and real
wastewater by indirect electrochemical oxidation process, Acta
Chimica Slovenica, 54, 792- 796.

30) M.C. Alexandrica, M. Silion, D. Hritcu, M.I. Popa (2015), layered double
hydroxides as adsorbents for anionic dye removal from aqueous
solutions Environmental Engineering and Management Journal 2015,
Vol.14, No. 2, 381-388

44 | Vol.2. No.5 (2016) www.actaint.com



Acta Scientiae et Intellectus ISSN: 2410-9738

31) RL. Goswamee, P. Sengupta, K.G. Bhattacharyya, D.K. Dutta (1988),
Adsorption of Cr (VI) in layered double hydroxides, Applied Clay
Science, 13, 21-34.

32) J. Inacio, C. Taviot-Gueho, C. Forano, J.P. Besse (2001), Adsorption of
MCPA pesticide by MgAl-layered double hydroxides, Applied Clay
Science, 18, 255- 264.

33) T. Toraishi, S. Nagasaki, S. Tanaka (2002), Adsorption behavior of 103-
by CO32- and NO3s- hydrotalcite, Applied Clay Science, 22, 17-23.

34) D. Kovacevi¢,a, B. N. Dzakula, D. Hasenay, 1. Nemet, S. Roncevi¢, 1.
Dékany, and D. Petridise (2013), Adsorption of Arsenic on MgAl
Layered Double Hydroxide Croat. Chem. Acta 86 (3), 273-279

www.actaint.com Vol.2. No.5 (2016) | 45



