
IJSART - Volume 6 Issue 5 – MAY 2020                                                                                           ISSN [ONLINE]: 2395-1052 
 

Page | 411                                                                                                                                                                     www.ijsart.com 
 

Conservation of Reverse Osmosis Rejected Water 
Using Mg-Al-Layered Double Hydroxides As 

Adsorbents 

 
Nagaraj Hiremath1, Manasa Janadri2, Janaki J3, MD Museb k4, Chandrashekar V C5, M Dinamani6 

1, 2, 3, 4 Dept of Civil Engineering 
5Assistant professor, Dept of Civil Engineering 

6Associate Professor, Dept of Chemistry 
1, 2, 3, 4, 5 Dayananda Sagar College of Engineering, Bangalore-560078, India 

 
Abstract- In this study, Mg–Al–LDHs were prepared by the 
co-precipitation method and are calcined to get Mg-Al-Oxide.  
The structure, composition, morphology and thermal stability 
of the synthesized Mg–Al–oxides were analyzed by powder X-
ray diffraction, SEM, Fourier transform infrared spectrometry 
and Thermogravimetry. Batch experiments were performed to 
study the absorption dissolved salts of RO rejected water as a 
function of pH, contact time, initial metal ion concentration, 
and adsorbent dose. Our results showed that Mg–Al–oxides 
can be used as an efficient adsorbent material for removal of 
dissolved salts from RO rejected water.  
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I. INTRODUCTION 
 
 Hardness (hard water) is one of the common water 
quality problems throughout the world. A total of 70% of the 
earth’s surface is covered by water. Of this, 97% is only sea 
water (non-drinkable). Only 2.5% of fresh water is accessible 
for human use and of this only 0.5% is used as drinking water. 
Hardness of water is caused as water picks up minerals such as 
magnesium and calcium ions from rocks and soil. Ground 
water contains more minerals than surface water, so it is 
harder than surface water. Hard Water is dangerous to health 
of human beings. It causes many diseases in humans. It also 
disturbs the industries due to the formation of scales and 
sludge in the boilers and coolant pipes. It is not safe to drink, 
also for other domestic purposes. Excess intake of calcium and 
magnesium can increase the risks of osteoporosis, 
nephrolithiasis, colorectal cancer, hypertension and stroke, 
coronary artery disease, insulin resistance and obesity. Hard 
water containing these ions can be treated at primary level for 
household purposes. Point-of-entry ion exchange (water 
softener) devices are used in some households to remove 
hardness (calcium, magnesium) and iron from water.  Reverse 
osmosis (RO) systems are found to be the most convenient 
methods for the removal of dissolved salts from the water due 
to various advantages in the domestic side.This project is 

aimed at the conservation of RO rejected water by treating 
with an adsorbent material like Layered Double Hydroxides 
(LDH) through a very simple process. 
 

Layered double hydroxide (LDH) forms an important 
class of inorganic materials owing to their applications in the 
wide area of current research. Layered double hydroxides are 
obtained by partial isomorphous substitution of divalent metal 
ions by trivalent metal ions in the structure of mineral brucite, 
Mg(OH)2. Chemical composition of a layered double 
hydroxide can be expressed by the general formula MII

1-

xMIII
x(OH)2An-

x/nyH2O, where MII and MIII are divalent and 
trivalent metal cations and An- is an n-valent anion. These 
compounds have a layered crystal structure composed of 
positively charged hydroxide layers of [MII

1-xMIII
x(OH)2]x+ and 

interlayers containing anions and water molecules. The value 
of x represents a portion of trivalent metal cations substituted 
in hydroxide layers and usually corresponds to 0.20 < x < 
0.33. 

 
The LDH anion exchange ability, large surface area 

and regeneration ability ensure that this adsorbent can be 
excellently utilized in wastewater purification (Roto et al.). 
Given that the calcination products of LDHs are mixed oxides, 
which are solids with basic properties (Sanchez-Valente et al.; 
Figueras et al.), LDHs and their oxides have been successfully 
employed as adsorbents for a variety of anion species and/or 
pollutants. LDHs can take up ionic species from solution by 
three different mechanisms: surface adsorption, interlayer 
anion exchange, and reconstruction of a calcined LDH by the 
‘memory effect’ (Duan & Evans). LDHs have been 
successfully employed to remove heavy-metal ions from 
aqueous solution due to their high anion-exchange ability, 
high uptake capacity, large surface area, flexible interlayer 
space, ease of preparation, low cost, stability and regeneration 
ability, ensuring that this adsorbent can be excellently utilized 
in the treatment of RO rejected water. The effects of different 
adsorption parameters, such as solution pH, contact time, 



IJSART - Volume 6 Issue 5 – MAY 2020                                                                                           ISSN [ONLINE]: 2395-1052 
 

Page | 412                                                                                                                                                                     www.ijsart.com 
 

initial metal concentration and adsorbent dose were studied for 
Mg–Al–LDH. 
 

II. CHARACTERIZATION OF RO WATER 
 

 
 

III. SYNTHESIS OF LAYERED DOUBLE 
HYDROXIDES 

 
Layered double hydroxides can be synthesized by 

urea hydrolysis, solid state reaction, co-precipitation, and 
hydrolysis of salts and oxides techniques. 
  
Co-Precipitation Method 

 
The co-precipitation technique is the most commonly 

used and simplest method. A solution containing the anion 
guest is added to an aqueous solution of two different metals 
that are used as precursors. This is followed by drop-wise 
addition of an alkaline solution to the mixture under vigorous 
stirring and a nitrogen atmosphere until a final pH of 7–10. 
The mixture is aged at 70 °C for 18 h and the resultant slurry 
is then filtered, washed with water, and finally dried in an 
oven at 60 °C. This method produces large quantities of 
nanocomposite and the packing density of the interlayer anion 
is diverse due to variable M+2/M+3 ratios. Furthermore, a wide 
diversity of anions can be incorporated between the layers. 

However, there is a significantly higher uptake of carbon 
dioxide and incorporation of unwanted hydroxide anions from 
the reaction mixture. 

 
Precipitation at High Supersaturation 

 
The precipitation at high supersaturation method 

requires the addition of a mixed metals salt solution to an 
alkaline solution that contains the interlayer anions. The 
materials that are synthesized by this method usually have low 
crystallinity, and therefore thermal treatment or aging is used 
after co-precipitation to increase the crystallinity of the 
materials. 
 
Precipitation at Low Supersaturation 

 
Precipitation at low supersaturation is accomplished 

by slow addition of mixed solutions of divalent and trivalent 
cation metal salts to an aqueous solution of the interlayer 
anion. The alkaline solution is added simultaneously to 
maintain the pH at selected value to lead to co-precipitation of 
the two metallic salts. This method gives LDHs with high 
crystallinity and allows control of the molar ratio, R = 
M2+/M3+. 
 

IV. CHARACTERIZATION OF LAYERED 
HYDROXIDES 

 
The most common analytical techniques used to 

characterize layered double hydroxides arePowder X-ray 
diffraction (PXRD), Fourier transform infrared (FTIR) 
spectroscopy,thermogravimetric analyses (TGA/DTG), 
Scanning Electron Microscopy (SEM) and Transmission 
electron microscopy (TEM). Powder X-ray diffraction is used 
to determine purity, crystallinity, and the basal spacing of the 
LDHs. FTIR spectroscopy is used to identify the functional 
groups and chemical bands, because each functional group has 
its own specific wavenumbers and characteristic absorption 
peaks. Therefore, FTIR can be used as a supporting technique 
to confirm that intercalation has occurred instead of 
absorption. The chemical composition of the LDHs is 
analyzed for metal ions by inductively coupled plasma atomic 
emission spectrometry. The thermal stability of LDHs is 
measured using thermogravimetric and differential 
thermogravimetric analyses while the surface characterization 
of the LDH is carried out using surface area analysis. 
Scanning electron microscopy is used to determine the surface 
morphology of the LDHs. Optical properties and the 
controlled release studies are accomplished using an 
ultraviolet-visible spectrophotometer. Transmission electron 
microscopy (TEM) is used for particle size determination of 
layered hydroxides.  
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The fundamental structure of the LDH in a three dimensional 
view would look like Fig.1&2. 
 

 
Fig.1& 2 Structure of an LDH in 3-D 

 

 
Fig. 2X-ray powder diffractogram of a ZnAl-NO3 

 
Table 1: Interlayer spacing of the samples 

 
 

The PXRD pattern for the LDHs show sharp, 
symmetric, and intense lines at low 2θ values and less intense 
and generally asymmetric lines at higher 2θ values. The 
reflections due to (003) (006) and (009) clearly shows that it is 
a layered material. The interlayer spacings (d) can be 
calculated by using the Bragg’s equation 2d sinθ= nλ (Table1). 
The sharp intense lines and a doublet peak at a 2θ value of 60° 
indicate the existence of an ordered layered material. 
IR Spectra of LDHs 

 
Fig. 3 FT-IR Spectra of LDHs 

 
The infrared (IR) spectra of Mg−Al and Mg−Al: 

DNA are shown in Figure 3. A broad peak at 3395–3450 
cm−1 and a weak one at 1636–1367 cm−1 correlate to ν(OH) 
and δ(H2O) bands respectively. Peaks at 650–665 cm−1 and 
410–446 cm−1 are due to M−O vibrations and M−O−H 
bending, where M=Mg and Al. The sharp singlet observed at 
1300–1362 cm−1 is due to the stretching of the carbonate ion. 
According to Valcheva–Traykova et al., sharp peaks at 446 
cm−1 and 1352 cm−1, doublet peaks at 769 cm−1 and 661 
cm−1, and a broad peak at 3396 cm−1 are all characteristic of 
an LDH structure. 
 
Thermogravimetric analysis 

 
Thermal decomposition of Mg-Al-LDH involves 

three steps dehydration, dehydroxylation (loss of lamellar 
hydroxyls) and loss of interlayer carbonate. Figure 4 shows 
the results of thermal analysis for LDH MgAl-CO3. The steps 
and sequence of thermal decomposition of LDHs can vary 
with the ratio of cations, but generally follow the same 
sequence. The first transition temperature and mass loss, 
below 200 °C, is associated with the evaporation of adsorbed 
and intercalated water molecules. The other steps, between 
200 and 500 °C, refer to the decomposition of interlayer 
carbonate and hydroxyl groups of the lamellae (Hibino et al., 
1995). Above 500 °C, the lamella of the brucite-type structure 
collapses and a solid solution of mixed spinel (MgAl2O4) and 
MgO, or Al2O3 and MgO is irreversibly formed. The first 
mass-loss shown in Figure 4 indicates that the synthesized 
material has 0.058 mol of water per unit of hydrotalcite, 
implying that its structural formula is [Mg+2 0.67Al+3 0.33 
(OH)2]+0,33 CO3

-.0.058H2O. 
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Fig.  4 Thermal analysis of the synthesized LDH 

 
V. EXPERIMENTAL RESULTS 

 
Result of test conducted on 27/02/2020 
 

 
 
 

Result of test conducted on 02/03/2020 
 

 
 

VI. CONCLUSION 
 
The layered double hydroxides (LDH) were 

successfully synthesized by the co-precipitation method and 
heat treated to get Mg-Al-Oxide. Phenomenon of reducing 
metal ion concentration and bringing the waste water to re-
usage was successfully attempted. The waste water are 
brought up to potable water using mixed metal oxide 
adsorbent material. Wastage of water during Reverse Osmosis 
can be successfully conserved using these adsorbent materials. 
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