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THE development of an efficient method for the removal of oxytetracycline and some heavy  
metals from aqueous solutions by Mg-Al layered double hydroxide nanomaterial. 

Preparation and characterization of [Mg-Al]-LDH and its evaluation for the removal of Cu2+, 
Ni2+, Co2+, Zn2+, Fe2+ and oxytetracycline from aqueous solutions. Water contamination by 
antibiotic contaminants and heavy metal ions represents an important environmental remediation 
problem. Oxytetracycline is an antibacterial drug used for human, fish, plants and animals’ 
treatment, so it is found in large concentrations in wastewater. Mg–Al LDH nanoparticles with 
nitrate intercalated anions, as an adsorbent, was prepared through coprecipitation technique of 
solutions of magnesium nitrate hexahydrates and aluminum nitrate (with percentage 3:1 molar 
ratio respectively). The nanomaterial was characterized before and after adsorption of some 
pollutants in wastewater by X-ray diffraction (XRD), Fourier transform infrared (FTIR) surface 
area analysis (BET), field emission scanning electron microscopy (FESEM) high resolution 
transmission electron microscopy (HRTEM), Various factors such as pH (3-10), dose of Mg-Al 
LDH (0.025-0.2g), concentration of metal ions (15-60 ppm) and effect of shaking time (5-120 
min) were applied to optimize the removal ability of Mg-Al LDH. The adsorption efficiency 
of the pollutant by Mg-Al LDH was calculated, the kinetics and the isotherm of adsorption 
strength over the adsorbent were further studied. The adsorption capability of the adsorbent was 
studied with regard to several pollutants in wastewater like (copper, zinc, iron, cobalt, nickel 
metal ions and oxytetracycline) in  single solution.

Keywords: Mg–Al LDH nanoparticles, Adsorption removal, Heavy metals (copper, zinc, iron, 
cobalt, nickel), Oxytetracycline

Efficient Removal of Oxytetracycline and Some Heavy Metals 
from Aqueous Solutions by Mg-Al Layered Double Hydroxide 
Nanomaterial
Mohamed E. M. Hassouna1*, Ragab R. Amin2, Alaa A. Ahmed-Anwar3 and 
Rehab K. Mahmoud1

1Chemistry Department, Faculty of Science,62514 Beni-Suef University, Beni-Suef , Egypt.
2Basic Science Department, Faculty of Engineering, Nahda University, Beni-Suef, 
Egypt. 
3Analytical Chemistry Department, Central Research Laboratory, Nahda University, 
Egypt.

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/

  Egypt.J.Chem. Vol. 62, Special Issue (Part 1), pp. 177 - 195 (2019)14

Introduction                                                                       

Increasing worldwide contamination of fresh water 
systems has become one of the key environmental 
problems facing humanity; Oxytetracycline used 
in fish farming industry to treat bacterial diseases 
[1]. It is found in water in high concentrations so 
it is considered as an important water pollutant. 
Water contamination by antibiotic contaminants 
and heavy metal ions represents an important 
environmental remediation problem [2]. In some 
cases, these pollutants interact with each other’s in 
wastewater producing more toxic substances and 
more contamination problems are generated[3]. 

Hence, the critical need for efficient techniques to 
remove these harmful pollutants[4-7].

Residues of antibiotics have been detected 
in water resources that receive effluents of 
wastewater treatment plants, agriculture run off 
and discharges of pharmaceutical manufacturers 
[8-10]. The presence of low levels of antibiotics and 
their transformation products in the environment 
cause the spread of antibiotics’ resistance bacteria 
which clearly shows that the elimination in 
sewage treatment plants is often incomplete[2]. 
Oxytetracycline is an antibacterial drug used for 
human, fish, plants and animals treatment, so it 
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is found in large concentrations in wastewater. 
The United States data on used antimicrobials 
for treatment of bacteria disease of plants are 
limited to streptomycin and oxytetracycline [11]. 
The presence of high levels of oxytetracycline in 
water and when translocate to plants is harmful to 
human life. Rats that were given combinations of 
aminopyrine or oxytetracycline and sodium nitrite 
in drinking water, after feeding a dose of  (0.1 %)  
(1, 000ppm) of oxytetracycline and sodium nitrite 
for 60 weeks, liver tumors picked off 4 of 30 rats  (3 
hepatocellular tumors and 1 cholangioma)[3]. The 
reason for which the presence of oxytetracycline 
in water has had the same impact known for the 
contamination of water with some metal ions 
and their assured risk on the environment. The 
immediate importance is the toxicity of these 
compounds to aquatic organisms and human 
through drinking of contaminated water or eating 
vegetables and crops irrigated by it [12-14]. 

Various materials such as activated carbon 
[5, 15-18], biomaterials[19], polymers[20], 
and sorption resins[21] have been used for 
adsorption of metal ions. Most of these methods 
have low selectivity and weak affinity for heavy 
metal ions[22]

LDH material has excellent selectivity for 
removal of  heavy metal ions [23]. Also, many 
physical techniques such as electro dialysis, 
crystallization, reverse osmosis, are available 
for the same purpose, but such techniques are of 
high cost [24, 25]. 

Several adsorbents such as chicken bone-
based biochar [26], multi-walled carbon 
nanotubes[27], layered carbon particles prepared 
from seaweed biomas[28] and rice husk ash 
[29] have been described for the removal 
of tetracycline from different wastewaters. 
Recently, [30] CoO/CuFe2O4 mixed metal oxide 
has been synthesized from layered double 
hydroxides for tetracycline removal from 
industrial wastewater. Emerging pharmaceuticals 
from wastewater have been removed by ozone-
based advanced oxidation processes [31]. 
Layered double hydroxides  (LDHs) have 
drawn considerable attention for their use in 
the removal of pollutants  (such as heavy metal 
ions) due to their high removal efficiency and 
environmental friendliness.[32, 33]. LDHs have 
proven to be good candidates for removing 
antibiotics from aqueous solutions [34]. These 
materials, which are endowed with high anionic 
exchange capacity and good adsorption ability, 

have been able to retain and host several large 
organic anions [35], cations [36], dyestuff [37-
41] and are used for water remediation [42] . 
The anion exchange adsorption using diverse 
adsorbents has attained special importance; such 
studies which use LDH are quiet scarce [43-46]. 
LDH compounds have unique characteristics 
such as low cytotoxicity, good biocompatibility, 
controllable particle sizes, varied functionality, 
high loading capacity, wide availability and the 
protection of biomolecules in interlayers [47]

LDHs are 2D materials recognized as 
potential resources for therapeutic and imaging 
purposes owing to their biocompatibility and 
low toxicity, among other properties essential to 
Nano medicine [48].

LDHs, also called hydrotalcite-like 
compounds and anionic clays, are based on the 
brucite, Mg (OH)2, layers with partial substitution 
of trivalent or divalent cations [49, 50]. The net 
positive charge is then balanced by exchangeable 
hydrated anions [51] . 

The present work focuses on the preparation 
and characterization of [Mg-Al]-LDH and its 
evaluation for the removal of Cu2+, Ni2+, Co2+, Zn2+ 
Fe2+ and oxytetracycline from aqueous solutions. 
Besides, understanding the mechanism of 
interaction between the adsorbent and adsorbates 
for an eventual use of the system to remove such 
inorganic and organic pollutants and allows for 
fine control of the composition of the LDH.

Materials and Methods                                                     

Chemicals 
Magnesium nitrate hexahydrates  (Mg (NO3)2. 

6H2O), aluminum nitrate  (Al (NO3)3), sodium 
hydroxide  (NaOH), copper sulphate  (CuSO4), 
nickel sulphate  (NiSO4), cobalt chloride  (CoCl2), 
ferrous chloride  (FeCl2), zinc sulphate  (ZnSO4) 
and oxytetracycline  (C22H24N2O9), as starting 
chemicals. All used chemicals were of analytical 
grade and were not more purified and used 
solutions during the experiments were freshly 
prepared in deionized water obtained from 
selected HP  (High Purity) water system.

Preparation of Mg-Al layered double hydroxide
The Mg-Al nitrate LDH was prepared by 

blending a mixture of magnesium nitrate and 
aluminum nitrate  (3: 1 molar ratio respectively) 
Fig.1. 2M of sodium hydroxide was then added 
drop by drop with stirring at 60°C till pH 10, then 
heating was stopped and stirring was continued 
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for 24 hours. The precipitate was filtered and 
washed with deionized water many times. Then 
the precipitate was dried at 80°C

Characterization.
X-ray diffraction experiments were conducted 

on a PANalytical  (Empyrean) FT-IR. FT-I Raman 
spectra were recorded with a Bruker  (Vertex 
70 FTIR-FT Raman Massachusetts 01821, 
United States of America)  spectrometer. The 
microstructures of the adsorbents were examined 
by high-resolution  transmission electron 
microscopy  (HRTEM, JEOL-JEM 2100), and 
the morphologies  were characterized using 
field emission scanning electron microscopy  
(FESEM).   The BET specific surface area, specific 
pore volume, and pore sizes of the adsorbent 
 materials were determined by N2 adsorption 
isotherms using an automatic surface  analyzer  
(TriStar II 3020, Micromeritics, USA). Particle 
sizes and zeta potentials were  determined on a 
Malvern instrument  (Malvern Instruments Ltd).  
(Quanta FEG250) took EDAX.

Heavy metals and oxytetracycline adsorption study
Heavy metal ions   (Cu2+, Ni2+, Co2+, Zn2+, 

Fe2+  ) or oxytetracycline batch adsorption 
process were studied at ambient temperature 
using 50 mL of the pollutant solution in 250 mL 
conical flask and shaking at speed of 200 rpm 
using orbital shaker. Different parameters such 
as pH  (3-10), dose of adsorbent  (0.025, 0.05, 
0.15, 0.1, 0.2), initial pollutant concentration  
(15-60 ppm) and time  (5-120 min) were 
applied. The pH was adjusted using 0.1 M 
HCl and 0.1 M NaOH and measured by  (A

wa – AD1030) pH meter.  (Cu2+, Ni2+, Co2+, 
Zn2+, Fe2+) concentrations were quantified using 
atomic absorption spectrophotometer  (model 
ZEISS-AA55, Germany), while the absorbance 
of the aqueous solution of oxytetracycline has 
been measured at λmax equals to 275 nm, against 
deionized water as a blank using UV-VIZ  
(Shimadzu 1800 UV). The removal percent 
and the quantity adsorbed of heavy metal ions 
and oxytetracycline by the Mg-Al LDH were 
calculated as shown in the following equations: 

Where Co, Ceq are the initial and equilibrium 
concentrations, qe  (mg/g) is the quantity 
adsorbed. V, corresponding to heavy metals and 
oxytetracycline-solution volume. m, is the mass 
of the adsorbent. 

The adsorption isotherms 
Were operated by dispersing 50 mg Mg-

Al LDH in 50 mL  (Cu2+, Ni2+, Co2+, Zn2+, Fe2+ 

and oxytetracycline) solutions at different 
concentrations varying from 15 to 60 mg L–1.

The adsorption of  (Cu2+, Ni2+, Co2+, Zn2+, 
Fe2+ and oxytetracycline) on Mg-Al LDH was 
undertaken by mixing 50 mg of adsorbent with 50 
mL of 20 mg L–1 of each of  ( Cu2+, Ni2+, Co2+, Zn2+, 
Fe2+ and oxytetracycline) solution.The adsorption 
isotherm have been developed for evaluating 
the equilibrium adsorption of compounds 
from solutions by two equilibrium models viz., 
Langmuir and Freundlich models  (52): 

                                                                 (3)

                                                                (4)

In the kinetic study 
Kinetic models have been applied for 

studying the rate-controlling mechanism 
like:  mass transfer, chemical reaction and 
diffusion control. To examine the mechanisms 
of the pollutant adsorption process, the pseudo-
first-order model suggested that the binding 
generated from physical adsorption can be 
interpreted by equation 5. The pseudo second-
order model is rooted in chemical adsorption  
(chemisorption) and can be presented by 
equation 6. In addition, the kinetic results are 
analysed, using the intraparticle diffusion model 
to explain the diffusion mechanism. This model 
is representeded in equation 7 through:  
                                                               (5)
 

                                                               (7)

Where qt and qe are considered the amounts 
of Cu2+ adsorbed on the LDH adsorbent in 
mg  (adsorbate)/g (adsorbent) at time t and at 
equilibrium, respectively, k1 is regarded as the 
rate constant of the pseudo first-order model 
(min−1). The values of qe and k1 are calculated 

(6)
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Fig. 1. EDAX of Mg-Al Layered double hydroxide.

from the intercept and the slope of the linear 
plot of ln  (qe −qt) versus t. K2 is the rate constant 
of the pseudo second-order model  (g/mg min). 
The slope and intercept of the linear plot of t/qt 
against t yielded the values of qe and k2. Finally 
C is the intercept and ki is the intraparticle 
diffusion rate constant  (mg/g min1/2) which was 
determined by the slope of the linear plot of q 
versus t 0.5. The experiment was repeated three 
times and the average values were reported.

Results and Discussion                                     

For convenience, the different parameters will 
be separately discussed.    

Characterization
The FT-IR spectrum was investigated to 

estimate the structure of the Mg-Al LDH, before 
and after adsorption of oxytetracycline as a 
representative example as shown in Fig. 2. The 
chemical bonds in the Mg-Al- NO3 LDH were 
identified by the band that is centered at 590 
cm−1 which was attributed to M–O–M vibration 
[53-55], this band like the M–O–H bending [55], 
involves the oxygen metal ions translational 
motion in the brucite-like layers [56, 57]. The 
strong broad band at 3487 cm−1 was related to 
the stretching vibrations of the H-bond of the 
OH group  (ν O–H) in the brucite-like layers 
[54, 58] .The bending vibration  (δ H2O) of the 
H2O molecules in the interlayers [57] appeared 
at 1644 cm−1. The peak located at 1383 cm-1 
was related to the ν3 extending vibration of the 
NO3 groups in the LDH interlayer. The FT-

IR spectrum of Mg-Al LDH before and after 
adsorption indicated that comparable peaks and 
new ones corresponding to the drug  (3430 and 
1607cm-1) were appeared for amide  (NH2) and 
carbonyl  (C=O) groups respectively. The FTIR 
patterns  (Fig. 2) showed that the adsorption 
peak of OH group shifted from 3487 cm−1 to 
3430 cm−1 after oxytetracycline adsorption. In 
FTIR spectra  (Fig. 2) confirming the successful 
adsorption of oxytetracycline on the LDH.

Fig.3. Shows the XRD patterns of Mg-Al 
LDH. The XRD confirmed the structure of the 
Mg-Al LDH compared to ICDD card no  (00-
048-0601)  (58). Mg-Al LDH was indexed to 
the rhombohedral crystal structure with space 
group of R-3m and the unit cell parameters 
d-values  (basal spacing) is  ( 7.97 Å). The 
crystallite size is 81.77 nm. After adsorption of 
oxytetracycline the basal peak  (003) position 
in the oxytetracycline-LDH corresponds to an 
interlayer distance of d-values is   (7.71 Å) which 
is smaller than Mg-Al LDH by 0.26 Å where the 
structure is illustrated in Scheme.1, which means 
that oxytetracycline is adsorbed on the surface 
of LDH layers. All peaks of oxytetracycline 
–LDH showed the same diffraction peaks of 
the LDH confirming its stability structure after 
adsorption. The basal planes  (003),  (006) 
and the broadening of  (015) and  (018) planes 
confirmed the layered structure of LDH. No 
material has been contaminated by atmospheric 
CO2 and also confirmed by the x-ray, as no 
peak corresponding to a carbonate intercalated 
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hydrotalcite-like phase was recorded.

Figure 4 describes the FESEM and the 
HRTEM micrograph images of the Mg-Al and 
Mg-Al oxytetracycline LDH. The Figures show 
that the microstructures of LDH samples were 
uniform in nature. The porous nanosheets of the 
prepared LDHs are observed in Fig. 4 (a, b, c, d). 
The images illustrate the nanosheets structures 
with a thickness of about 5-45 nm and are 
composed of plate-like nanoparticles. 

The FESEM images of Mg-Al LDH, which 
support the results of the XRD, where the plate 
like morphology of LDH are appeared in the 
FESEM images which are shown in Fig.4 (a, b, 
c, d). The HRTEM micrographs further confirm 
the observations XRD  (fig 4f & e). The HRTEM 
images displayed the layered structures in Fig.4  
(e),  (f); after drug’s loading oxytetracycline on 
Mg-Al LDH, the layered structure appeared 
confirming that it is stable  after the drug loading. 
The sectional area electron diffraction  (SAED) 
pattern taken from individual planes revealed the 
crystallinity of LDHs.

The determination of zeta potential has 
important uses in water treatment field. It is a 
measure of the magnitude of the charge repulsion/
attraction between particles in solution, and is one 
of the main factors known to affect stability. Also, 
gives details about the causes of dispersion, or 
aggregation. As shown in Figure 5, zeta potentials 
for the size distributions intensity of Mg-Al LDH 
before and after adsorption with oxytetracycline 
were at  (193.3) and  (318.9) nm, respectively. 
Those of aqueous dispersions of the Mg-Al and 
Mg-Al oxytetracycline LDH were  (8.31) and  
(-13, 3) mV, respectively as shown in table 1, 
at optimized  pH 6.0. The results show that the 
positive zeta potential, which is related to the 
Mg-Al LDH nanomaterial is attributed to the 
interactions between the inorganic material and 
the organic pollutant such as oxytetracycline [55].

Figure  (6) shows the N2 adsorption–desorption 
isotherms and the pore-size distribution for the 
synthesized Mg-Al LDH. The Mg-Al LDH 
showed a small surface area of 4.0184 m²g-1 which 
agrees with the FESEM due to a decrease of the 
nucleation rate and favored crystal growths of the 
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Scheme 1. Diagram shows the preparation steps of Mg-Al LDH, The adsorption mechanism of oxytetracycline on 
M-Al LDH.
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Fig.4. (a),(b),(c),(d) FESEM of Mg-Al LDH, (e),(f) HRTEM of Mg-Al LDH after adsorption of oxytetracycline on 
mg-Al LDH.

 a 
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 d 

Fig. 5. Zeta average size of (a) Mg-Al (c) Mg-Al oxytetracycline layered double hydroxide, Zeta potential of (b) 
Mg-Al (d) Mg-Al oxytetracycline LDH.
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TABLE 1. Zeta potential of Mg-Al LDH before and after adsorption with oxytetracycline.

Zeta values Mg-Al LDH Mg-Al oxytetracycline LDH

Zeta potential 8.3 -13.3

Zeta Average 193.3 318.9

TABLE 2. Surface area measurements for Mg-Al LDH.

Surface area (m2/g) 4.0184
Total pore volume (cc/g) 0.0059
Average pore diameter(nm) 64.167
Micro pore volume (cc/g) 0.001351
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precipitating agent NaOH which was used in the 
synthesis of LDH; that is why hardly micro and 
mesopores have been found in synthesized LDH 
[60]. In Figure 6 (b) the pore size distribution 
of Mg-Al LDH showed two peaks. The wide 
distribution of pore size in figure  (6) b  (60-120 
nm, maximum at 93.107 nm) for Mg-Al LDH, is 
due to agglomeration of particles. The specific 
surface area, total pore volume and average pore 
size, diameter and micro pore volume were listed 
in Table 2.
Adsorption studies

Influence of initial pH on the adsorption of 
pollutants in single contaminated system.
In order to give more information about 

the adsorption process, the effect of pH on the 
adsorption of heavy metals under investigation 
was performed. The pH value is the most 
important factor that affects on heavy metal ions 
adsorption, and the medium affecting the metal 
speciation and toxicity. Thus, at acidic medium 
more protons saturate metal binding sites, while 
at basic conditions, metal ions exchange protons 

to produce other species such as hydroxo-
metal complexes. Some of the hydroxo-metal 
complexes are soluble in water and the others are 
not, but some of them are toxic soluble in water 
as mono hydroxo complex species formed by 
Cd2+ ion, so toxicity increases by increasing the 
pH and cells adsorb more of metal ions under this 
conditions. However, at high acidic conditions, 
three cases might occur, firstly, metals compete 
with protons for binding sites on the surface of 
the cell. Secondly, different functional groups are 
protonated leading to reduction of the attraction 
between metal cations and the membrane. Thirdly, 
removing the metal from the cell by efflux pumps 
that was done by proton motive force [49].  The 
pH value of the Mg/Al LDH adsorbent was 
around 7.0 as shown in Fig. 7. It was suggested 
that the heavy metals adsorption capacity 
increased gradually with pH increase below pH 
7.0 and then decreased sharply with pH increase. 
As shown in Fig.7  the high adsorpitivity of Mg-
Al LDH to oxytetracycline at pH 7 was due to the 
dissociation constant; this phenomenon may be 
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Fig. 7. Effect of different pH on the adsorption of oxytetracycline and metal ions ( Cu2+, Ni2+, Co2+, Fe2+ and 
Zn2+) in single solution and effect of dose of Mg-Al LDH on the adsorption of metal ions ( Cu2+, Ni2+, 
Co2+, Fe2+ and Zn2+)in single solution.
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Fig.8. FT-IR spectra of Mg-Al layered double hydroxide after adsorption with iron at different pH in single solution.

related to the ability of oxytetracycline to form 
high stable complexes with Mg and Al  (stability 

constant  (log )of binary complex with 
respect to oxytetracycline with Mg is 28.74 [61] .

As shown in Fig.8, there is a change in the 
FTIR chart after adsorption with iron at pH 
7, which is taken as a representative example. 
This may be attributed to that Mg-Al LDH has 
adsorbed high percentage of the antibiotic.

Effect of dose of Mg-Al LDH on the adsorption 
of pollutants in single contaminated system.
As indicated in Fig. 7, the adsorption of 

pollutants increases with the increase of the initial 
adsorbents dose in case of Ni2+ and Co2+ metal ions; 
this may be attributed to the increase in the driving 
force from the active sites where in case of Cu2+ 
and Fe2+ the pollutants adsorption decreases with 
the increase of adsorbent dose then still constant 
and in case of Zn2+ there is a little decrease in the 
adsorption then pollutant adsorption increases 
with the increase of adsorbent dose. 

Isotherm studies 
       There was an increase in the adsorption 
abilities of Mg-Al LDH toward pollutants with 
increase in contaminants concentration to a 
certain limit, and then any further increase in 
concentration leads to decrease in adsorpitivity 
as shown in Table 3. As the concentration of 
metal ions in waste water is about 15 mg/L [62], 
the concentration of tested metal ions was 20 
mg/L, such a concentration is higher than the 
main concentration of metal ions in waste water 
and this helped to test the efficiency of Mg-Al 
LDH. The equilibrium adsorption isotherms 
are significant for deciding the adsorption 
capacity of pollutants and detecting the nature 
of adsorption onto the LDH adsorbent. The 
equilibrium adsorption potential of the adsorbent 
was investigated by equation 2, where Ce was 
assessed for first concentration of each ion which 
ranges from 10 to 60 mg/L after equilibrium 
time. Figures  9 and 10 display the adsorption 
isotherms of Cu2+, Ni2+, Co2+, Zn2+ and Fe2+ ions 
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Fig. 9. Adsorption isotherm of Cu2+, Ni2+, Co2+, Zn2+ and Fe2+ ions in single solution on Mg-Al LDH ( Langmuir 
isotherms).

TABLE 3. Isotherm parameters for removal of harmful metal ions by Mg-Al  LDH.

Isotherms Parameters Cu2+ Ni2+ Co2+ Zn2+ Fe2+

Langmuir

q 0 (mg/g) 5.605 3.1 6.265 5.546 5.75

KL (l/mg) 297.61 370.37 270.27 225.73 196.07
R2 0.9992 0.9998 0.9994 0.9991 0.9987

Freundlich

KF 5.521 3.015 6.243 5.527 5.744
1/n 0.0104 0.0228 0.0121 0.0157 0.0135

R2 0.8511 0.901 0.8399 0.8505 0.8128
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respectively, on Mg-Al LDH. Furthermore, 
these figures show that most widespread models 
used to investigate the adsorption isotherm are 
Langmuir and Freundlich models. The Langmuir 
adsorption isotherm was employed to equilibrium 
adsorption assuming monolayer adsorption onto 
a surface with a finite number of identical sites, 
as illustrated by the equation [52, 63, 64].  

                                                              ( 3)

Where Ce  (mg/L) is the equilibrium 
concentration, qe  (mg/g) is the amount of 
adsorbate adsorbed/unit mass of adsorbate, and 
qo (mg/g) and KL are the Langmuir constants 
related to the adsorption capacity and the rate of 

adsorption, respectively. Plotting Ce/qe against Ce 
showed a straight line with a slope of 1/qe. The 
Langmuir constants KL and qo were determined 
from this isotherm. The Freundlich model of 
isotherm is an experimental equation utilized 
for describing the multilayer adsorption with 
the interaction between the adsorbed molecules 
ions [52, 63, 64]. The linear form of Freundlich 
adsorption isotherm takes the following form of  
(equation 4): 

                                                                      ( 4)

where qe is the amount adsorbed at 
equilibrium  (mg/g) and Ce is the equilibrium 
concentration of pollutant ions, KF and n are 

Fig.10. Adsorption isotherm of Cu2+, Ni2+, Co2+, Zn2+ and Fe2+ ions in single solution on Mg-Al LDH (Freundlich 
isotherm)
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Freundlich constants, where KF [ (mg/g)/ 
(mg/L)1/n ] is the adsorption capacity of the 
adsorbent and n gives an indication of the 
favorability of the adsorption process. The 
slope of the linear relation is 1/n and its value is 
a measure of the adsorption intensity or surface 
heterogeneity and ranges from 0 to 1. So, the 
more heterogeneous the surface is, the closer 
the value is to 0. Furthermore, the plot of ln qe 
versus ln Ce provides straight lines with slope 
1/n [65]. 

Influence of time and kinetics of adsorption.
The influence of time on the adsorption of 

Cu2+ onto Mg-Al LDH was shown in Figure 8. It 
was found that the removal percentage decreased 
by increasing the contact time to reach about 
99.51% after 120 min. The kinetics of adsorption 
is an important aspect of the Cu2+ removal process 
control. By applying kinetic models and studying 
the rate-controlling mechanism, parameters such 
as mass transfer, chemical reaction, and diffusion 
control could be explained. To examine the 
mechanisms of the pollutant adsorption process, the 
linear equations of the three kinetic models were 
applied as shown in Figure 11. The pseudo-first-
order model suggested that the binding generated 
from physical adsorption and is interpreted by 
equation 5. The pseudo second-order model is 
rooted in chemical adsorption  (chemisorptions) 
and presented by equation 6. In addition, the 
kinetic results were analyzed, using the intra-
particle diffusion model, to explain the diffusion 
mechanism  (equation 7):  

(5)

(6(

(7(

In the equations, qt and qe are considered the 
amounts of Cu2+ adsorbed on the Mg-Al LDH 
adsorbent in mg  (adsorbate)/g (adsorbent) at time 
t and at equilibrium, respectively, k1 is regarded 
the rate constant of the pseudo first-order model 
(min−1). 

Table 4 summarizes the coefficients of the 
models. Comparing the regression coefficients 
for each expression, the results displayed that 
both the first order rate expression and the intra-
particle diffusion model are completely valid for 
the present system. This is could be explained by 
the high correlation coefficients in the two types 
of LDH. On the other hand, the second order 
kinetic model did not show a good fit of goodness 
to the experimental data as illustrated by the 
adsorbate in Figure 11. Also, using the pseudo-
fist order model for the linear plots, it shows 
strong correlation coefficients  (in most cases 
>0.99). This assures that both the theoretical and 
experimental qe values agree with each others. 
Consequently, this provides an indication that 
the sorption of Cu2+ in single solutions by Mg/
Fe LDH catalyst is controlled kinetically by the 
first order reaction compared to the second order 
process that asserted physical adsorption.

Conclusion                                                                           

Mg–Al LDH nanoparticles with nitrate 
intercalated anions was prepared through 
coprecipitation technique and was used as an 
adsorbent for some pollutants in wastewater 
like  (copper, zinc, iron, cobalt, nickel metal 
ions and oxytetracycline) in single solution. This 
nanomaterial was characterized before and after the 
adsorption process by XRD, FT-IR, BET surface 
area, zeta potential, FESEM and HRTEM. To 

Order models Parameters Cu2+

Pseudo-first-order qe (mg/g) 1.135

K1 (min-1) 0.029
R2 0.693

Pseudo-second-order qe (mg/g) 0.0899
K2 (g/mg min) 0.1712
R2 1

Intraparticle diffusion model ki (mg/g min0.5)
C (mg/g) 5.2183
R2 0.929

TABLE 4. Coefficients of the pseudo-first-order and second-order adsorption kinetic models and intraparticle 
diffusion model (Cu2+=20 ppm, Mg-Al-LDH 0.05 g).



191

Egypt. J. Chem. 62, Special Issue (Part 1) (2019) 

REMOVAL OF OXYTETRACYCLINE AND SOME HEAVY METALS FROM AQUEOUS SOLUTIONS

Fig. 11. Regressions of kinetic models of the removal of Cu2+ ; pseudo first-order model(a), pseudo second-order 
model (b), and intraparticle diffusion model (c).
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optimize the removal ability of Mg-Al LDH, the 
factors affecting the process such as pH, dose of 
Mg-Al LDH, concentration of metal ions and effect 
of shaking time have been studied, and the sorption 
kinetics for heavy metal ions follow a pseudo-first 
order model. The microstructures of LDH samples 
were uniform in nature with porous nano sheets 
with a thickness of about 5-45 nm and composed 
of plate-like nanoparticles. The adsorption isotherm 
was investigated with Langmuir and Freundlich 
models, and the adsorption experimental results 
of heavy metal ions were fitted by the Langmiur 
adsorption one. In addition, the efficient removal 
of oxytetracycline and some heavy metal ions 
from aqueous solutions by Mg-Al layered double 
hydroxide nanomaterial has amounted to 60% and 
99%, respectively.
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