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Removal Efficiency of Lipid-regulating  
Drug Clofibric Acid from the Aquatic Environment  
by Calcined Anionic Clay ZnAl-CO3
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Clofibric acid (CA) is widely used as regulator of lipid levels in blood; it is consid-
ered one of the residual drugs that have a high persistence in the aquatic environment. 
After wastewater treatment, only a small amount of CA can be removed. The aim of this 
work was to investigate the reduction of CA in contaminated wastewater using calcined 
anionic clay ZnAl-CO3, which was chosen for its higher adsorption capacity, recycla-
bility, and non-regeneration of sludge. The maximum retention amount, Qm, exceeded 
2220 mg g–1, and the value of DH° suggested a physical process. The removal rate 
achieved 90 %, and the remaining quantity was widely below the tolerance thresholds. 
Retention was achieved by hydrogen bonds and electrostatic interactions between the 
adsorbate molecules. Recycling tests clearly suggested that this material is recyclable, 
promising, and very effective compared to other adsorbents. This retention contributes to 
the attenuation of persistent lipid regulator.
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Introduction

Over the past few years, there has been grow-
ing concern about drugs due to their widespread 
use, continued release, and further evidence of neg-
ative environmental effects1. Among the emerging 
micropollutants, pharmaceuticals have attracted the 
interest of researchers worldwide for several years. 
Many reports on the effects and risks of these com-
pounds have been revealed to raise awareness 
around the toxicity of such pollutants2. In addition, 
these compounds are directly emitted in rivers with-
out effluent treatment.

At this moment, about 100 types of personal 
care products have been detected in rivers3–6, lakes7, 
oceans8,9, and groundwater10. Some products may 
have a toxic effect on aquatic organisms and even 
on humans11,12.

Clofibric acid has the chemical name 2- (4-chlo-
rophenoxy)-2-methyl-propanoic acid, its sorption co-
efficient (log Kow) in the order of 0.9, 1.36, and 
1.88, and its melting point is between 120 °C   
–122 °C13. It is widely used as an active ingredient 
in blood lipid regulators clofibrate, etofyllinclofi-
brate and etofibrate. It is a resistant drug to biodeg-
radation and has a very strong persistence in the 
environment14. The blood lipid regulator consump-
tion is very high, about thousands of tons per year 

have been intended for therapeutic care in cases of 
angiocardiopathy problems8. Its first detection was 
reported in samples from wastewater treatment 
plants in America in the 1930s15. Nowadays, CA is 
considered one of the residual drugs with per-
sistence in the environment estimated at 21 years. It 
is frequently detected in the global environmental 
monitoring of plant protection products15,16. During 
a typical pass through wastewater treatment in fac-
tories, only 40 %–50 % of the initial amount of CA 
is effectively removed17,18. Thus, several methods 
have been used in recent years for the removal of 
pharmaceutical products from wastewater, such as 
advanced oxidation processes, photodegradation, 
biological treatments, adsorption, etc.19–28

This work aimed to reduce the drug contamina-
tion of wastewater, such as that of blood lipid regu-
lators, in order to reduce their persistence in the 
aquatic environment. Therefore, the removal of CA 
from wastewater was studied using a calcined an-
ionic clay ZnAl-CO3 material (CLDH) still based 
on the reconstruction of LDH phases intercalated by 
this drug. The objective was to optimise the amount 
of retention and the rate of elimination of this pol-
lutant while optimising various experimental pa-
rameters, such as contact time, pH of retention en-
vironment, initial concentration of the drug, and 
CA/CLDH mass ratio. A comparative study allowed 
us to evaluate the retention capacity of CLDH rela-
tive to those of other adsorbents given in the litera-*Corresponding author: mlakraimi@yahoo.fr
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ture. In addition, the possibility of regeneration of 
the used material was studied while examining the 
variation of its retention capacity as a function of 
the regeneration cycles. Layered double hydroxides 
(LDHs) or anionic clays, and their calcined prod-
ucts (CLDHs), have been widely used as degrada-
tion photocatalysts or as adsorbent of a wide variety 
of micropollutants29–32. Several studies have evoked 
the elimination of this pollutant using adsorbents, 
such as plants, clays, activated carbon, chitosan, 
and resins13,33–36. Most of these studies have not ex-
plored the possibilities of recycling and regenerat-
ing their materials with regard to this pollutant, or 
compared their results concerning the capacity and 
rate of adsorption with those of other adsorbents 
while optimising the various factors influencing 
elimination. For these reasons, the originality of this 
work lies in the optimisation of the experimental 
parameters that could lead to high retention capaci-
ties and maximum removal rates, the recycling 
study of the chosen adsorbent material based on 
zinc and aluminium to minimise the cost of remov-
ing the pollutant, and a comparative study with oth-
er recent work in order to situate the effectiveness 
of the used material compared to other adsorbents.

The retention process of the pollutant is con-
firmed by several techniques, such as X-ray diffrac-
tion (XRD), infrared spectroscopy (IR), scanning 
electron microscopy (SEM), and thermogravimetric 
analysis (TGA/DTG).

Materials and methods

Preparation of ZnAl-CO3 adsorbent material

The adsorbent anionic clay ZnAl-CO3 was syn-
thesized by coprecipitation method at a constant pH 
of 10. It was prepared from metallic salts solutions 
AlCl3·6H2O (0.4 mol L–1, purity ≥ 98 %), 
Zn(SO4)·7H2O (0.4 mol L–1, purity ≥ 98 %), basic 
solution of Na2CO3 (0.3 mol L–1, purity ≥ 99.5 %), 
and NaOH (0.1 mol L–1, purity ≥ 98 %). The metal-
lic ratio Zn/Al is 2. The obtained precipitate was 
intercalated only by carbonate anions (CO3

2–) be-
cause their affinity towards LDH interlayer is very 
high compared to other anions37. The synthesized 
product was dried at room temperature (25 °C) for 
2 days, and calcined at 500 °C for 5 hours, leading 
mainly to mixed oxides. These led to the recon-
struction of an LDH phase after their rehydration in 
a solution containing the CA pollutant anions.

Retention experiments

Adsorption of the drug CA by CLDH was in-
vestigated in a batch system at room temperature 
(25 °C) with constant contact time (2 h), and con-
stant pH by addition of HCl (0.1 mol L–1) or NaOH 

(0.1 mol L–1), with nitrogen bubbling. The experi-
ments were carried out by dispersion of adsorbent 
CLDH (10, 30, or 50 mg) in solutions of 100 mL 
containing CA in different concentrations (from 10 
to 500 mg L–1). After contact time and filtration, the 
solids obtained were dried, and analysed by XRD, 
IR, TGA/DTG and SEM. The filtrate was analysed 
by UV-Vis spectroscopy at 275 nm, which is the 
universally accepted technique for the detection of 
CA concentration38. The capacity of adsorption was 
determined by Eq. (1):

 ( )− ⋅
= i eC C VQ

m
 (1)

where Q represents the amount of CA retained by 
the adsorbent material, Ci is the initial concentration 
and Ce the equilibrium concentration of CA, and m 
is the mass of CLDH in volume V.

For the thermodynamic study, the same adsorp-
tion process was followed under optimal conditions 
as a function of time in a thermostatic bath, in order 
to regulate the desired temperature. The tempera-
tures of 298 K, 318 K, and 333 K were chosen. 
When adsorption was completed for each of the 
three temperatures, the solutions were filtered, and 
the residual concentration of CA in the filtrate was 
determined in order to calculate the adsorption ca-
pacity Q.

Structural characterisation techniques

The XRD measurements were performed on an 
XPERT-PRO powder diffractometer, equipped with 
a copper anticathode tube (λ = 0.15415 nm) and a 
graphite-blade back monochromator. The diffracto-
grams were measured in the range 3°–70º in 2θ, and 
step counting time was 41 s.

Measurements by infrared spectroscopy were 
obtained using a JASCO Fourier transform spec-
trometer model FT/IR-4600. The samples were ana-
lysed by transmission method in a range of wave-
numbers between 400 and 4000 cm–1. The resolution 
was 4 cm–1 and the number of scans was 20.

Scanning Electron Microscopy (SEM) allows 
visualisation of the external morphology of materi-
als. The analysis of the external surface of the ma-
terial was carried out using a TESCAN VEGA 3 
LM apparatus. The observations were made under a 
voltage of 10 kV.

The thermograms were recorded using a SE-
TARAM TGA/DTG microbalance 92 allowing op-
eration under a controlled atmosphere, in this case 
in air, and simultaneously performing thermogravi-
metry and differential thermal analysis. The tem-
perature was raised from 25 °C to 800 °C with a 
heating rate of 5 °C min–1. The tests were carried 
out on powder quantities of an initial mass of 12 mg 
contained in alumina crucibles.
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Results and discussion

Characterisation of ZnAl-CO3

The different analyses of the ZnAl-CO3 adsor-
bent material and its calcined phase, by X-ray dif-
fraction, IR spectroscopy, thermogravimetry and 
scanning electron microscopy are presented in Fig. 1. 
Fig. 1a indicates that the obtained phase is compa-
rable to that of natural hydrotalcite39, it shows a 
good crystalline organisation of this phase. The ma-
jority of the lines are thin, symmetrical, and intense. 
All the diffraction lines observed are indexed in a 
hexagonal system of rhombohedral symmetry 
(space group R3m ). The angular position of the 
first line (003) gives direct access to the interlayer 
distance (c/3 = d003). Another interesting diffraction 
peak located near 61° in 2θ is indexed. It is related 

to the metal-metal interatomic distance in the sheet, 
according to the relation a = 2 d110. The presence of 
lines around 61° in 2θ (line (110)) confirms the ex-
istence of a well crystallised LDH phase40, the lat-
tice parameters are a = 0.306 nm, c = 2.292 nm, and 
d = 0.764 nm.

The thermogram (Fig. 1b) is similar to that of a 
natural hydrotalcite. At 80 °C, there is a slight loss 
that could correspond to the elimination of water 
weakly bound to the surface. However, the loss that 
occurs between 80 °C and 190 °C, which is around 
13 %, is due to the elimination of interlamellar wa-
ter. The decomposition of carbonate anions into 
CO2 occurs from 190 °C at the same time as dehy-
droxylation41.

The IR spectrum (Fig. 1c) of the phase interca-
lated by the carbonate anions shows bands around 
1630 and 3470 cm–1 corresponding respectively to 

F i g .  1  – Powder XRD patterns of LDH and CLDH (a), TG-DTG curves (b), IR spectrum (c),  SEM photographs of LDH (d), and 
CLDH (e)

(a)

(b)

(c)

(d)

(e)
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the deformation vibrations of the interlayer water 
molecules δ (H2O), and to the valence vibrations of 
the hydroxyl groups of the brucite layers ν (O-H). 
The characteristic bands with carbonate anions are 
between 879 and 1480 cm–1. Finally, we also note 
the presence of metal-oxygen vibrations with a band 
at 554 cm–1 for Al-O, and a band at 615 cm–1 for 
Zn-O42. The band around 400 cm–1 corresponds to 
the deformation vibrations of O-M-O43,44.

The SEM photographs are presented in Fig. 1d 
and Fig. 1e. For the ZnAl-CO3 phase (Fig. 1d), the 
lamellar structure of the compound is perfectly 
demonstrated by the presence of crystallites, which 
are distributed homogeneously in the form of sand 
rose. On the other hand, in the SEM image corre-
sponding to the calcined phase (Fig. 1e); there is the 
disappearance of the lamellar character, which may 
be due to the destruction of the LDH sheets and the 
appearance of aggregates probably corresponding to 
mixed oxides.

Characteristics of the CA pharmaceutical drug

Clofibric acid (C10H11ClO3; 99 % of purity) has 
a molecular weight of 214.65 g mol–1, it was pur-
chased from Acros Organics grade, its pKa value is 
2.5, and its solubility in water is 582.5 mg L–1 at  
25 °C. This drug is considered an active metabolite 
of clofibrate and a lipid-lowering active ingredient. 
It allows reduction of blood lipid levels and acts 
against the excess of cholesterol13.

Effect of pH

The pH of the solution is a factor that can mod-
ify the surface charge of the adsorbent material and 
the distribution of speciation of the adsorbate in 
solution. The variation of the retained quantity of 

CA by CLDH as a function of the pH is presented 
in Fig. 2a. The initial concentration of CA used was 
20 mg L–1 with 30 mg of adsorbent. The solutions 
were stirred for 2 hours at room temperature (25 °C).

It should be noted that maximum retention oc-
curs at pH value of 5 by means of the electrostatic 
interactions and/or the hydrogen bonds, which take 
place between the COO– group of the CA and the 
hydroxyl group of the reconstructed LDH layers. 
CA is a relatively weak acid; an increase in pH from 
5 to 6 promotes its dissociation (Fig. 2b) with an 
increase in its solubility, which leads to an increase 
in the retention capacity.

For values of pH   < 5, the decrease in CA reten-
tion can be explained by partial dissolution of the 
matrix by hydrolysis, and/or probably by protona-
tion of CA, which leads to the existence of repul-
sive interactions between OH group of the recon-
structed LDH sheet and the COOH group of the 
CA45.

The gradual decrease in the retained amount of 
CA between pH 7 and pH 11 can only be explained 
by relative contamination with CO3

2–, which has a 
high affinity for LDH30. This may also be due to the 
presence of dissociated CA molecules with higher 
solvation energy. In this case, the solvation sphere 
becomes more rigid, and the diffusion of solvated 
CA between the layers of the material will be more 
difficult35. The following experiments in this work 
were carried out at pH 5.

Kinetic study

The contact of CA suspension with CLDH re-
sults in an interaction and as time passes, the ad-
sorbed amount increases. To determine the equilib-
rium time when retaining CA by CLDH, the kinetic 
study was performed for two initial concentrations 

F i g .  2  – Quantities of CA retained by 30 mg CLDH as a function of pH (a), and speciation diagram of CA45(b)

(a) (b)
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of CA (20 mg L–1 and 50 mg L–1) with 30 mg of 
CLDH and contact times from 0 to 4 hours. For 
each initial concentration, the evolution of the 
amount of retained CA versus contact time is shown 
in Fig. 3.

The obtained results showed that the adsorp-
tion process was relatively fast, the equilibrium was 
reached after one hour for the two concentrations of 
CA. For the initial concentrations of 20 mg L–1 and 
50 mg L–1, the maximum quantities retained Qm 
were 36 mg g–1 and 50 mg g–1, respectively. The 
process is described by the rehydration of the mixed 
oxides in CA solution, which leads to the formation 
of hydroxyl groups of the brucitic sheets, and con-
sequently, the reconstruction of an LDH phase via 
the conserved memory effect of the initial LDH 
phase. That is, the CA anions interact simultaneous-
ly with the surface sites and those between the re-
constructed LDH sheets.

Intraparticle diffusion, pseudo-first and pseudo- 
second order models were used to describe and ex-
amine this kinetic process.

Pseudo-first and pseudo-second order models

Kinetic retention gives some information about 
the affinity between the adsorbate and the adsor-
bent, and defines the efficiency of adsorption. The 
linearisation by the pseudo-first and pseudo-second 
order models are given by Eqs. (2) and (3)46:
 

1
log( ) log− = − ⋅

e t e
Q Q Q k t  (2)

 2
2

1 1
= + ⋅

⋅t e e

t t
Q k Q Q  (3)

where Qe is the retention quantity at equilibrium, 
and Qt is the retention quantity at time t, k1 and k2 
are the rate constants of the pseudo-first and pseu-
do-second order models of adsorption.

From the results collected in Table 1 and from 
the values of R2, as well as by comparison of the 
experimental and theoretical retained amounts, it 
could be said that the retention kinetics of CA by 
CLDH is in good agreement with the pseudo-sec-
ond order model, which suggests that the retention 
of the adsorbate on the material surface is fast.

Intraparticle diffusion model

The intraparticle diffusion model provides 
some information on the mode of solute transfer 
from the liquid phase to the solid phase; it also in-
vestigates the contribution of intraparticle behaviour 
on the adsorption mechanism. This model can be 
described by the following equation47:
 1/2= ⋅ +t ipQ K t C  (4)

where Qt is the amount of retention (mg g–1), Kip is the 
intraparticle diffusion rate constant (mg g–1 min–1/2), 
and C is the capacity of the boundary layer.

The plot of Qt versus t1/2 (Fig. 4) led to the ap-
pearance of two linearities for both concentrations 
(20 mg L–1 and 50 mg L–1). The first (phase I) corre-
sponded to the adsorption of CA on the surface of 
reconstructed LDH followed by the second, which 

F i g .  3  – Kinetics of retention of CA by 30 mg of CLDH at 
initial concentrations (20 mg L–1 and 50 mg L–1)

Ta b l e  1  – Parameters of the pseudo-first and pseudo-second order models and the maximum adsorption amounts of CA by CLDH

Pseudo-first order

C0

(mg L–1)
Equation

k1

(h–1)
Qe th

(mg g–1)
Qe exp

(mg g–1)
R2

20 log (Qe–Qt) = – 0.005·t + 1.018 0.005 2.77 36 0.668

50 log (Qe–Qt) = – 0.003·t + 0.635 0.003 1.89 50 0.289

Pseudo-second order

C0

(mg L–1)
Equation

k2

(g mg–1 h–1)
Qe th

(mg g–1)
Qe exp

(mg g–1)
R2

20 t/Qt = 0.027·t + 0.256 0.003 37 36 0.996

50 t/Qt = 0.020·t + 0.040 0.010 49.7 50 0.999
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corresponded to a state of saturation (phase II). This 
result indicated the speed of the adsorption process. 
The contact between LDH and CA was achieved by 
the presence of hydrogen bonds and electrostatic in-
teractions between the hydroxyl (OH) groups of the 
reconstructed LDH sheets and the carboxylate 
groups of the pollutant.

The different constants resulting from intrapar-
ticle scattering are shown in Table 2.

The R2 values indicated that diffusion was not a 
limit step for this retention. Different interpretations 
have been put forward concerning the application of 
the intraparticle diffusion model, in which the diffu-
sion of particles is not the only limiting step, be-
cause of the presence of other processes, such as 
external mass transfer and surface diffusion or the 
combination of both. The diffusion of the solute 

from the liquid phase towards the interior of the ad-
sorbent can be neglected, in this case, the surface 
adsorption was a dominant step48,49. There were two 
stages in the adsorption process. The first part con-
cerned the adsorption on the external surface or the 
instantaneous adsorption, the second part corre-
sponded to the equilibrium state, where the intra-
particle diffusion was slow probably because of the 
adsorption sites saturation50.

Thermodynamic study

The study of the influence of temperature on 
the adsorption of the drug product was carried out 
with three temperatures of 298, 318, and 333 K, in 
intervals of 10 to 120 minutes. The concentration of 
the CA drug was maintained at 50 mg L–1, and the 
mass of the calcined LDH was 30 mg. Thermody-
namic parameters, namely enthalpy (ΔH°), Gibbs 
free energy (ΔG°), and entropy (ΔS°) were calculat-
ed from the following equations51:

 = e
c

e

QK
C

 (5) 

 ln c
S HK
R RT
D ° D °

= −  (6) 

 lnD = − ⋅

cG RT K  (7)

where Qe is the amount of adsorption (mg g–1), Kc 
the distribution coefficient, Ce the concentration of 
CA at equilibrium (mg L–1), R (8.314 J mol–1 K–1) is 
the ideal gas constant, and T (K) is the adsorption 
temperature. The values   of thermodynamic parame-
ters ΔH° and ΔS° were determined according to the 
linear plot of lnKc versus 1/T. The different thermo-
dynamic parameters are presented in Table 3. It ap-
peared that the values of ΔG° were negative, indi-
cating that the adsorption of this drug onto CLDH 
was governed by a spontaneous process, the nega-

F i g .  4  – Linear representation of the kinetic model of intra-
particle diffusion for CA

Ta b l e  2  – Parameters of intraparticle diffusion model for adsorption of CA by CLDH

Phase I Phase II

C0

(mg L–1)
K1d

(mg g–1 min–1/2)
C1

(mg g–1)
R2 K2d

( mg g–1 min–1/2)
C2

(mg g–1)
R2

20 4.17 1.60 0.998 2.28 31.90 0.884

50 8.61 2.21 0.992 2.72 49.68 0.871

Ta b l e  3  – Thermodynamic parameters obtained from kinetic adsorption of CA onto CLDH

T
(K)

Ea

(kJ mol–1)
Kc

(L g–1)
ln Kc

ΔG°
(kJ mol–1)

ΔH°
(kJ mol–1)

ΔS°
(J mol–1 K–1)

298

6.07

1.384 0.325 –0.82

–4.98 –13.72318 1.268 0.237 –0.60

333 1.158 0.146 –0.37
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tive value of entropy (ΔS°) indicated an order at the 
interface of the adsorbent52. Thus, ΔH° < 0 suggest-
ed an exothermic process.

The following Arrhenius equation (Eq. 8) al-
lows us to express the activation energy as a func-
tion of k2 and temperature:

 2ln ln= − aEk A
RT

 (8)

where Ea is the activation energy, and A the Arrhe-
nius factor. The values of Ea (Table 4) (6.07 kJ mol–1), 
and that of enthalpy (–4.98 kJ mol–1) indicated that 
the process of CA adsorption by CLDH was gov-
erned by a physisorption mechanism53. From these 
results, it could be argued that CA carboxylate 
groups are responsible for the interaction with hy-
droxyl groups of the reconstructed LDH layers45.

Adsorption isotherms

Fig. 5 shows the isotherms that express the re-
tained amount of CA as a function of Ce. The study 
that we conducted was carried out with different 
initial concentrations of CA (10 mg L–1 –500 mg L–1), 
and for three different masses of CLDH (10, 30 and 
50 mg) for 2 hours of stirring at pH 5.

According to the classification of Giles et al.54, 
the isotherms obtained for different masses of 
CLDH are of type S. This type of isotherm indicates 
the presence of cooperative adsorption between the 
adsorbate molecules55. The adsorbed CA molecules 
promote the subsequent adsorption of other mole-
cules. They therefore tend to be adsorbed in groups.

This result shows that the amount of retention 
of the pollutant is inversely proportional to the mass 
of the adsorbent material, which allows advancing 

and confirming the existence of a cooperative ad-
sorption on the surface and an intercalation of CA 
between the reconstructed LDH sheets.

The linear transformations of the isotherms 
gave a good result with the Freundlich model that 
can be expressed by the following equation56:

 1ln ln lne F eQ K C
n

= +  (9)

where KF is the Freundlich constant, and factor n 
measures the deviation from linearity. The linearisa-
tion followed the Freundlich model for three CLDH 
masses. The parameter values of Freundlich model 
are presented in Table 4.

From the results presented in Table 4, the value 
of the heterogeneity factor 1/n is greater than 1, 
which leads to n < 1; this result probably implies 
the existence of a more heterogeneous adsorption 
surface including the heterogeneous adsorption 
sites57. These results are similar to those obtained in 
another work55. Consequently, the fixing of the CA 
anions can be explained by electrostatic interac-
tions, on the one hand between the CA molecules, 
and, on the other hand by hydrogen bonds between 
the carboxylate groups of CA and the hydroxyl 
groups of the LDH sheets. In this case, n < 1, indi-
cates that the adsorption is normal and cooperative 
with a convex curve. Thus, we assumed that CA 
molecules were stacked in multilayer at the recon-
structed LDH surface through π-π interactions of 
the aromatic ring41.

Effect of mass ratio (CA/CLDH)

To examine the effect of the mass ratio adsor-
bate/adsorbent on the adsorption capacity of CLDH, 
the initial concentration of adsorbate CA was varied 
from 10 mg L–1 to 500 mg L–1, with a CLDH mass 
of 10 mg (Fig. 6) with a pH of 5 for 2 hours.

The optimal mass ratio (CA/CLDH) was 3 with 
an experimental retention capacity of 2220 mg g–1 
and a retention rate of 90 %.

The remaining amount of CA in solution was 
10 %. This drug was found in wastewater in a range 
of 1.6–5.0 ng L–1 17, in surface water 0.55–103.00  
ng L–1 58, in groundwater 400 ng L–1 16, in seawater 
0.28–1.35 ng L–1, in estuary 18 ng L–1 58, and in 
drinking water the concentration of CA can reach 
270 ng L–1 59.

F i g .  5  – Adsorption isotherms of CA determined with three 
masses of CLDH

Ta b l e  4  – Parameter values of Freundlich isotherm model 
for adsorption of CA by CLDH

mCLDH

(mg)
KF

(mg g–1 )
n R2

10 0.185 0.503 0.948
30 0.152 0.523 0.991
50 0.500 0.774 0.967
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The treatment of CA with CLDH can lead to 
reduced concentrations found in groundwater from 
400 ng L–1 to 40 ng L–1, and for tap water to 27 ng L–1. 
By comparing the remaining amount of CA with  
the results of the other works mentioning its pres-
ence in different media, it can be pointed out that 
this is much lower than the tolerance threshold of 
170 ng L–1 60.

Study by X-ray diffraction

The diffractogram obtained after retention (Fig. 
7) indicated the reconstruction of two phases, one 
intercalated by CA, and the other due to slight con-
tamination by carbonate anions. The latter kept the 
same interlamellar distance as the starting matrix 
before calcination (0.764 nm).

For the first phase, there was a shift in the line 
(003) towards the low values at 2θ indicating the 
intercalation of the CA anion between the recon-

structed LDH sheets with an interlamellar distance 
equal to 1.07 nm. The appearance of the lines 
around 61° in 2θ specific to (110) and (113) con-
firmed the reconstruction of an LDH phase (hydro-
talcite type)61.

The lattice parameters for this phase intercalat-
ed by CA ZnAl-CA were: a = 0.306 nm, c = 3.21 
nm, and the interlamellar distance d = 1.07 nm.

Study by infrared spectroscopy

The IR spectra were made to obtain informa-
tion concerning the vibrations of the functional 
groups of the material and the pharmaceutical prod-
uct CA before and after retention. Fig. 8 shows the 
characteristic bands of CLDH, CA, and LDH phases 
before and after the retention process. With regard 
to the phase obtained after retention, we observed 
the appearance of metal-oxygen vibration bands for 
Zn-O around 615 cm–1, and for Al-O around 554 
cm–1. The appearance of a band around 3430 cm–1 
corresponded to the valence vibrations of OH, the 
vibration bands νs (CH) and νas (CH) were at 2600 
and 2700 cm–1, respectively, and a characteristic vi-
bration band of the group (C = O) was at 1702 cm–1. 
The bands between 1000 and 1400 cm–1, were char-
acteristic of the mode (C-O-C), the benzene ring 
(C=C) bands were around 840 cm–1, and the vibra-
tion band ν (C-Cl) around 774 cm–1 41,62. On the oth-
er hand, the bands at 400 cm–1 were characteristic of 
LDH sheets reconstructed from the rehydration of 
mixed oxides30. These IR spectroscopy results con-
firmed that the adsorbent material had retained the 
drug CA by the appearance of its characteristic bands.

F i g .  6  – CA removal rate as a function of the mass ratio  
(CA/CLDH)

F i g .  7  – Powder XRD patterns of LDH (a), CLDH (b), and 
ZnAl-CA phase obtained after retention of CA (c) 
(mCLDH = 30 mg, [CA] = 500 mg L–1, pH = 5, tc = 2 h)

F i g .  8  – IR spectra of LDH (a), CLDH (b), CA (c), and the 
obtained phase ZnAl-CA after retention of CA (d) 
(mCLDH = 30 mg, [CA] = 500 mg L–1, pH = 5, tc = 2 h)
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Analysis by scanning electron microscopy

The SEM photograph (Fig. 9) corresponds to 
the phase obtained after retention of CA. The sam-
ple studied shows aggregates including crystallites 
with different sizes. This result confirmed that, after 
retention of CA by CLDH, we had witnessed the 
appearance of lamellar character, proving the recon-
struction of an LDH phase from mixed oxides by 
means of their conserved memory effect.

Thermogravimetric analysis

The results of thermogravimetric analysis spe-
cific to the free pharmaceutical product CA and to 
the phase ZnAl-CA obtained after its retention by 
CLDH are shown in Fig. 10.

For free product CA (Fig. 10a), a first loss   
was observed, which started from 25 °C to 170 °C 
(2.5 %), corresponding to the elimination of ad-
sorbed water by the product, followed by three suc-
cessive losses (DTG) ending around 550 °C, which 
were due to the total decomposition of the organic 
matter.

In the case of intercalation of this pharmaceuti-
cal compound between the LDH sheets (Fig. 10b), 
it was observed that the loss of mass took place in 
four stages:

– Between 25 °C and 90 °C, a loss of 3 % of 
mass due to the water adsorbed physically by the 
material.

– A loss of 10 %, between 100 °C and 220 °C, 
due to the removal of the intercalated water.

– Between 220 °C and 450 °C, a loss of 9 % 
was observed, which corresponded to the dehydrox-
ylation and decomposition of carbonate anions41,63. 

We should point out a slight delay in decomposition 
of the same matter compared to the ZnAl-CO3 phase 
(Fig. 1b), which may be due to the intercalation of 
CA anions interacting with the hydroxyl groups of 
the reconstructed LDH sheets.

– The last loss that ended above 800 °C (> 8 
%) was due to the decomposition of organic matter; 
this delay was probably due to the role that LDH 
can play as stabilizer of organic matter decomposi-
tion. LDH had relatively improved the stability of 
decomposition after thermal treatment of the phar-
maceutical compound. Consequently, the LDH-drug 
hybrid compound supported the safe preservation of 
this type of drug41.

F i g .  9  – SEM photograph of the obtained phase ZnAl-CA af-
ter retention (mCLDH = 30 mg, [CA] = 500 mg L–1, 
pH = 5, tc = 2 h)

F i g .  1 0  – Analysis TGA/DTG of free drug CA (a), and after 
its retention by CLDH (b) (mCLDH = 30 mg, [CA] 
= 500 mg L–1, pH = 5, tc = 2 h)

(a)

(b)
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Recycling and regeneration of the adsorbent 
material

The removal rate of CA by CLDH depends on 
the percentage of CA remaining after repeated cy-
cles, while using the optimal mass ratio CA/CLDH 
of 3, which corresponds to a maximum removal rate 
of CA of 90 %. Each cycle firstly comprised the 
retention of CA under optimal conditions; secondly, 
an anionic exchange reaction with a solution of 

 Na2CO3 (1 mol L–1) in order to replace all the inter-
calated and adsorbed CA anions after reconstruction 
of the LDH phase, because the carbonates have a 
very high affinity for LDH sheets37, and finally, cal-
cination at 500 °C of the new carbonated LDH 
phase. The elimination rate of CA was calculated by 
the following equation:

 100% Removal rate i e

i

(C – C )=
C

⋅  (10)

where, Ci and Ce are the initial and equilibrium con-
centrations of CA, respectively.

The removal rate of CA decreased from 90 % 
to 86.3 % after five recycling cycles (Fig. 11). This 
led us to consider that the used LDH material was 
an efficient adsorbent for CA elimination and it was 
perfectly recyclable. However, the residual quanti-
ties of the pollutant in solution are much lower than 
the tolerated thresholds60. The reuse of the material, 
previously discharged by anionic exchange reac-
tion, was carried out under optimal experimental 
conditions in the adsorption cycles.

Structural model

To determine the orientation of the intercalated 
CA, we calculated the length of the molecule using 
the software Gaussian 03. The calculated values of 
the three possible orientations of CA are presented 
in Fig. 12. The proposed orientation (A) seems the 

F i g .  11  – Recycling efficiency of CLDH after retention of 
CA for a CA/CLDH mass ratio of 3

F i g .  1 2  – Structural model of CA orientation between LDH sheets
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most likely of the pollutant CA intercalated between 
the LDH sheets.

The interlamellar distance determined experi-
mentally was 1.07 nm, and required that the COO– 
groups of CA could be oriented towards the LDH 
sheets, suggesting a horizontal disposition of the 
CA anion. This arrangement resulted in an interla-
mellar dimension of CA of 0.376 nm. Knowing the 
thickness of the LDH sheet, which is equal to 0.21 
nm, and the length of the hydrogen bond, which is 
of the order of 0.27 nm, we obtain:

 d = 0.27 + 0.21 + 0.376 = 0.856 nm < 1.07 nm

It can be seen that the distance found theoreti-
cally is lower than that found experimentally by 
0.21 nm. This difference may probably be due to 
the existence of repulsive interactions between hy-
drogen atoms of LDH sheets and those of CA. In 
another work concerning the retention of CA by 
LDH based on Mg-Al, the authors found a vertical 
arrangement of CA between LDH sheets with an in-
terlayer distance of 2.11 nm41.

Comparative study

In Table 5, shows some results concerning the 
retention of CA by different adsorbents, such as cat-
ionic or anionic clays, activated carbon, metal-or-
ganic composites, and mesoporous silica. However, 
the adsorption capacity of activated carbon64 and 
metal-organic composites is not very high, and the 
mesoporous silica has a slow adsorption rate with a 
low adsorption capacity.

The comparison of these results suggests that 
the CLDH adsorbent used in this work has a very 
interesting efficiency compared to other materials. 
The quantity retained is much higher, as is the rate 
of elimination. In addition, this material is recycla-
ble by anionic exchange with carbonates, which 
will also allow us to recover pollutants.

Conclusion

The calcined anionic clay ZnAl-CO3 used in 
this study has shown its high retention capacity of 
the highly persistent drug CA present in drinking 
water, groundwater, surface water, and seawater. 
The optimal removal was performed at pH 5, the 
retention kinetics were fast and followed the pseu-
do-second order model, while the isotherms were 
governed by Freundlich model (multilayer adsorp-
tion), and they were of S type, implying a coopera-
tive adsorption. The retention capacity exceeded 
2220 mg g–1 for an optimum mass ratio (CA/CLDH) 
of 3. The removal rate reached 90 %, and the re-
maining amount was well below the tolerance 
thresholds. From the thermodynamic study, a phys-
ical process governed the retention process. The 
techniques used confirmed the retention of CA by 
adsorption on the surface of LDH phase and by in-
tercalation. The comparative study showed that this 
material is promising and very effective compared 
to other adsorbents for the elimination of this pol-
lutant.

Ta b l e  5  – Maximum adsorption capacity and removal rate of CA on different materials

Adsorbents
Qm

(mg g–1)
Removal rate 

(%) pH References

Porous coal derived from Bio-MOF-1 540 - 7 65

Charcoal developed from cotton fabric residues 80 83 7.5 36 

Activated carbon 211.9 70 3 and 8 64 

Chitosan modified with polyethyleneimine 349 82.7 4 34 

Calcined inorganic-organic clays  
(CoAlOr-NaBt, CuAlOr-NaBt, NiAlOr-NaBt) 5.48 - 12 66 

Rice straw for agricultural waste 126.3 42.5 4 45 

Activated carbon made from cork 139-295 5 2 67 

Bentonite modified with Ni-Al-HDTMA 0.64 - 2.97 68 

Mesoporous silica SBA-15 0.07 49 3 69 

Granulated cork 0.06 21 7 70 

Clay aggregates (LECA) 0.027 51.4 6.29 13 

Plant Typha spp - 80 6 33 

Calcined anionic clay ZnAl-CO3 2220 90 5 This work
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