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ABSTRACT 

Mg/Fe layered double hydroxides (LDH) as highly effective clay adsorbents coating activated 

carbon derived from agricultural waste (AW) were prepared by activation of date palm leaf 

base (LB) synthesized on Mg/Fe layered double hydroxides. FTIR, SEM and EDS were used 

to characterize the obtained adsorbent for the copper removal from aqueous solutions. The 

evaluation of adsorption performances was carried out at various metal concentrations, 

adsorbent dosage, contact time, and pH. The pseudo-second-order kinetic and the Langmuir 

isotherm model showed a good compliance with the experimental data, the result 

demonstrated that the improving adsorption capacity and fast rating adsorption for Cu
2+ 

resulted from successful intercalation of date palm petiole activated carbon into LDH. 

Keywords: heavy metals, adsorption, Mg/Fe layered double hydroxides, activated carbon and 

petioles. 
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 النشط المصنوع من المخلفات الزراعيه عند طلائه بالهيدروكسيد متعدد الطبقات لامتزاز النحاساستعمال الكاربون 
 2حيدر محمد عبد الحميد           1معد فاروق حسين

 استاذ مساعد                  باحث
 جامعه كربلاء - قسم الهندسة المدنيه1

 جامعة بغداد -قسم الهندسه البيئيه 12,
 المستخلص

, مع هيدروكسيد من خلال عمليه التنشيط الكاربون النشط حبيبات من سعف النخيل بعد تحويلها الى ان عمليه تركيب وتغليف 
متعدد الطبقات من المغنسيوم والحديد يؤدي الى انتاج ممتز ذو كفائه عالية لازاله عنصر النحاس من المحلول المائي الملوث. 

شعه تحت الحمراء, مطياف تشتت الطاقه و تحليل الصوره تم فحصها بواسطه تحليل الطيف بالا مركبه المنتجهان الماده ال
دراسه تمت وبالنسبه لعمليه امتزاز النحاس ف. وقد اكدت نتائج الفحوصات على نجاح عمليه التركيب لسينيهشعه االمجهرية بالا

من المتغيرات  )تراكيز مختلفه للملوث, اوزان مختلفه للماده المازه, اوقات مختلفه وقرائات مختلفه للأس  تأثرها بعدد
يكون  Langmuir كثر مطابقه عند تحليل البيانات الحركية وان موديله الثانيه تكون اجان المعادله من الدر الهيدروجيني(. 

اكثر مطابقه عند تحليل البينات ثابته درجه الحراره. ان النتائج من التجارب المختبريه بينت ان عمليه ازاله النحاس باستعمال 
 لمخلفات الزراعيه.الماده المنتجه تدل على كفائه عاليه وهذا يدل على نجاح عمليه تصنيع المنتج من ا

 .هيدروكسيد متعدد الطبقات, كاربون نشط , عنق الورقةالكلمات المفتاحيه:  المعادن الثقيله,  الامتزاز, 
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INTRODUCTION 
Contaminants of high toxicity like pesticides, 

dyes, and heavy metals are considered for one 

of the major environmental issues (30,1,3). 

The main source of metal ions are wastes 

resulting from smelting, mining, battery 

manufacturing, and metal plating which 

contaminate water environment (21,31,4). In 

soil ecosystems and natural water, heavy 

metals, such as aluminium, manganese, cobalt, 

molybdenum, chromium, cadmium, silver, and 

copper, are mobile and toxic and because of 

this, they are considered to be priority 

contaminants (15,11). As they cannot be 

destroyed or degraded easily, they are 

regarded as persistent and stable 

environmental pollutants (19,12,17). 

Removing of heavy metals from an aqueous 

solution is needful to comply with 

environmental regulations, and for the sake of 

human health and safety (32,28,2). Thus, there 

has been an increase in demand for 

technologies that are sustainable in terms of 

economy, efficiency, energy, and environment 

such as adsorption (5). Anionic clays or 

hydrotalcite-like compounds, which are 

another names for LDHs, also for their unique 

properties and special structure, deserve 

considerable attention (26). For their acid-base 

buffering capacity, reconstruction reactions, 

ion exchange capacity, and an increase in 

surface area, LDHs were studied as sorbents 

briefly (27). Moreover, previous studies have 

shown the effective removal of Cu
2+

 from 

aqueous systems on LDHs under different 

experimental conditions 10). The chemical 

composition of LDHs is ([M
 2 +    

1 − 𝑥
M

 3 +
𝑥   

 

(OH)2]
x+

 (A
n-

)x/n.m.H2O), where A𝑛-
 is an anion 

with charge 𝑛, M
2+ 

and M
3+ 

represent the
 

divalent and trivalent metals, respectively, and 

𝑥 is equal to M
3+

/(M
3+ 

+ M
2+

) (generally = 

0.2–0.33) (8). Previous studies have reported 

the copper removal by adsorption onto organic 

anions malate and citrate directly coating with 

Mg/Al–LDH (33),  Zn/Al–LDH intercalated 

with EDTA (ethylene diamine tetra acetic 

acid) (14), Mg/Fe–LDH loaded with magnetic 

(Fe3O4) carbon spheres (36), and so indicated 

the best ways of the copper removal from 

aqueous systems. Yet, the date palm leaf base 

(LB), which was collected from the waste 

produced in agriculture, shows lower removal 

efficiency compared to the LB improved by 

chemical and physical modification processes 

like activation to produce AW (2). As a result, 

the pure LB adsorption capacity is lower in 

comparison with the modified LB (AW) 

removal capacity because of its increased 

surface area (19). So, the use of AW coating 

by Mg/Fe–LDH as a sorbent for copper has 

not been reported in previous studies. In this 

study, the copper removal from wastewater 

was examined by using Fe/Mg layered double 

hydroxides synthesized with activated carbon 

from date palm petiole (AW/Fe/Mg–LDH). 

MATERIALS AND METHODS 

Materials and adsorbent preparation 
The natural date palm leaf base (LB) was 

collected from agriculture waste resulting in an 

area located in the middle of Iraq. In order to 

clean the LB from dirt particles, it was washed 

many times with distilled water and then dried 

in the sunlight. Later, the well dried LB was 

crushed and sieved by using 1.19 to 0.595 mm 

mesh size (Fig. 1). After this, it was activated 

in the furnace at the temperature of 350 °C, 

using N2 and Co2 for (2 h), respectively. 

 
Figure 1. Leafe base date balm from natural 

to activated carbon 
The reagents for analytical grade were 

Na2CO3, FeCl3·6H2O, Mg(NO3)2·6H2O, 

HCl, and NaOH. A Cu(NO3)2 (from s.d. Fin. 

Chemi., Mum., India) solution with the 

concentration of 1000 mg/L was prepared and 

kept at room temperature of 25 °C. By using 

0.1 M HCl or 0.1 M NaOH, the prepared 

solution pH was set for every copper solution 

in the experiment. By co-precipitation method, 

layered double hydroxides were prepared at 

laboratory temperature. Various molar ratio 

(Mg/Fe) (1, 2, 3, 4) of Mg (NO3)2·6H2O and 

FeCl3·6H2O, as well as various petiole 

dosages (5/100, 10/100, 30/100, 50/100, 
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100/100 and 200/100 g) were contained in the 

50 mL of the solution. After this, in order to 

achieve pH = 7 for the solution, Na2CO3 (0.2 

Mol) and NaOH (2 Mol) were added and then 

stirred in (1 h). The produced particles were 

washed and filtered by using deionized water. 

The final product was achieved by drying for 

24 h at 80 C°. 

Sorption studies of batch mode  

In order to find the equilibrium data and to 

assign the best conditions including adsorbent 

dosage, contact time, pollutants init. conc., and 

pH relating to the process of treatment, the 

batch experiments were calculated. A 50 ml of 

the copper solution was put in each flask (250 

mL) from a series of conical flasks and 

thermostatic shaker bath was used for shaking 

them for (3 h). To achieve adjustment of the 

solution pH, 0.1 Mol of HCl or 0.1 Mol of 

NaOH were added. To achieve equilibrium of 

mixtures, they were shaken and filtrated by 

filter paper. By utilizing atomic absorption 

spectrophotometer flame (AAS), the metal 

concentration was calculated, which was still 

present in the mixtures after filtration. The 

batch experiments were examined at different 

parameters: various adsorbent dosage (0.02, 

0.04, 0.06, 0.08, 0.1, 0.15, 0.2, and 0.3 g/50 

mL), different values of initial concentration 

of contaminant (5, 10, 50, 100, 150, 200, 500, 

and 1000 mg/l), pH (3, 4, 5, and 6) and  time 

(5, 10, 20, 30, 60, and 180 min). The value of 

(qe), which represents the amount of pollutant 

adsorbed by the adsorbent, was calculated 

using the following formula (35). 

     𝐪𝐞 = (𝐂𝐨 − 𝐂𝐞)
𝐕

𝐦
                           (1) 

The adsorbent mass (g) equals to m, the 

solution volume (l) equals to V, and the 

equilibrium and initial contaminant 

concentrations in the flask (mg/l) represent the 

Ce and Co, respectively. 

RESULTS AND DISCUSSION 

Sample characterization 
Scanning electron micrography (SEM) images 

showed the characterization morphologies of 

the samples (LB, AW, AW/Mg/Fe–LDH and 

AW/Mg/Fe–LDH after adsorption of copper) 

(Fig. 2). The pores of the LB and AW 

structures compacted regularly, and they had 

ends, sharp corners and coarse surfaces. The 

AW, according to its surface area and 

structure, was coated with Mg/Fe–LDH or 

some different coating material. After 

composition, the particle of AW/Mg/Fe–LDH 

had a well-defined, uniform and regular 

lamellar structure, and within the size ranging 

from 83.6 to 24.3 nm the Mg/Fe-LDH was 

coating the AW. As shown in Figure 2, when 

copper was adsorbed onto AW/Mg/Fe–LDH, 

on the surface of the adsorbent, several 

uniform hexagonal plates such as crystals 

aggregate. The (Fig. 2) shows an EDS 

spectrum of activated carbon, which contains a 

high amount of C, Fe, Mg, and O. This figure 

also shows an EDS spectrum of the 

AW/Mg/Fe–LDH presenting an increasing 

amount of Fe and Mg, and by co-precipitation 

method, the AW was successfully coated by 

Mg/Fe–LDH. It is possible to say that the 

adsorbent was efficient for the copper 

adsorption due to the increasing amount of 

copper on it. Fourier transform infrared (FTIR) 

spectra of LB, AW, AW/Mg/Fe–LDH, and 

AW/Mg/Fe–LDH after adsorption of copper 

are presented in (Fig. 3), where significantly 

less functional group types appear on the 

surface (Table 1). From the new peaks at 1369 

cm
−1

, a good modification of Mg/Fe–LDH on 

AW according to the asymmetric stretch 

absorption band of the CO3
−2 

is seen, and they 

are observed in AW/Mg/Fe–LDH composites 

(18). The carbonate has to exchange with 

copper which leads to a change of the bands 

after adsorption of copper (24).  The band At 

597 cm
−1

 refers to the lattice vibrations of O-

M-O and M-O (where M stands for metals). 

The band at 3387 cm
−1

  represents the 

stretching vibration of (adsorbed water, O-H 

groups of adjacent layers, and interlamellar 

water), which bonded to hydroxyl groups (34). 

Vibrational modes of amide I and amide II 

proteins are represented by 1656 (C = O 

stretching) and 1552 (N-H deformation) peaks, 

respectively (24) 
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Figure 2. Scanning electron micrography images and EDS spectrum of (a) LB, (b) AW, (c) 

AW /MgFe-LDH, and (d) AW/MgFe-LDH after adsorption Copper 

 
Figure 3. Fourier transform infrared spectra of (a) LB, (b) AW, (c) AW /MgFe-LDH, and (d) 

AW/MgFe-LDH after adsorption Copper 
After adsorption, moving or changing of 

groups negatively charged peaked in intensity 

and indicated that they were involved in the 

adsorption process. According to the increase 

in the adsorbent surface area from 0.8645 

m
2
·g

-1
 for the LB to 24.5 m

2
·g

-1
 for the AW 

and then to the 79.7 m
2
·g

-1
 for AW/Mg/Fe–

LDH, the AW adsorption capacity was 

improved after several modification processes 

which ended by coating with Mg/Fe–LDH to 

produce a good AW/Mg/Fe–LDH adsorbent 

for copper. 

Effect of amount of elements that 

synthesized the adsorbent  

The first step in synthesizing the AW/Mg/Fe–

LDH was to investigate the copper removal at 

different molar ratios (Mg/Fe), and to analyse 

how they affect the removal, which is obvious 

from (Fig. 4 (A)). The copper adsorption 

capacity on AW was 8.2 mg/g, which was 

lower compared to the adsorption on Mg/Fe–
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LDH (12.4 mg/g) at a 3 molar ratio (Mg/Fe). 

Therefore, improvement of the adsorption 

capacity was due to the increase of the Mg 

amount than the Fe amount. Though, this 

molar ratio was chosen to compose the 

adsorbent in order to achieve high adsorption 

capacities. In addition, the AW content for 

synthesizing AW/Mg/Fe–LDH with a 3 Mg/Fe 

molar ratio was examined with different 

dosages that increase from 0.05 to 0.5 g in a 50 

ml solution, and the copper adsorption 

capacity was improved due to the increase of 

dosage (Fig. 4 (B)). Thus, it was a dosage of 

0.5 g to prepare the AW/Mg/Fe–LDH (Fig. 4 

(B)). 

 
Figure 4. The (A) varying molar ratios 

Mg/Fe; (B) AW dosage, affecting on Copper 

sorption capacities (time = 3 hr, pH = 5, and 

dosage= 0.04 g/50mL) 

Equilibrium contact time 
For a batch test, the metal removal was 

investigated by utilizing 0.5 g of the adsorbent 

with a 50 ml copper solution (Fig. 5). In 

general, the adsorption process included two 

stages; first, representing the surface passive 

reaction, which is a rapid process like 

chemical or physical sorption; second, 

indicating the metabolic active reaction, which 

is slow. It is obvious from Figure 6 that the 

increased contact time lead to the increase of 

removed copper percentage, showing that the 

adsorption was rapid at the primary stage, and 

after that it gradually slowed down because the 

number of sorption sites decreased on the 

AW/Mg/Fe–LDH surface. In 1 hour, the 

copper removed reached 96%, but when the 

contact time was longer than 1 hour up to 2 

hours, the metal concentrations remained 

constant. Therefore, at this contact time other 

subsequent sorption experiments were 

conducted.  

 
Figure 5. Percentage removal of Copper

 
on 

adsorbent in different contact time (T= 

25±4
o
C; agitation speed= 200 rpm; dose= 

0.5 g/50 ml; Co=10 mg/l and pH=5). 

Variable effect of change initial pH 
The pH of solutions affects both contaminant 

ionic forms, and properties of the surface 

adsorbent. Therefore, it can be said that the 

adsorption capacity can be controlled and 

effected by a primary parameter of pH (Fig. 6) 

(13,5). The metal adsorption on the sorbent 

declined at acid state, because the pollutant 

binding sites were occupied by protons, and on 

the cell surface most of all reactive sets were 

protonated (7). 

The influence of pollutant initial 

concentration  
By the experimental work, the influence of 

numerous initial copper concentrations, which 

adsorbed on the adsorbent, were investigated. 

The tests were carried with a solution where 

the pH is equal to 5, with 200 rpm shaking of 

adsorbent weighting 0.5 g per 100 mL of 

solution for 1 hour and initial metal 

concentrations ranging from 10 to 1000 mg/L. 

The relation between initial copper 

concentration and metal removal efficiency at 

equilibrium state are shown in (Fig. 7). At the 

initial primary values concentration, the higher 

copper removal was obvious. Cu
2+

 was unable 

to interact with the samples of reactive media 

because the available active sites had been 

saturated. This lead to a gradual decrease of 

the metal removal capacity at the moment 

when the initial metal concentration increased. 

Depending on above stated, as pollutant 
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concentrations increase, the active sites 

become less available (9). 

 
Figure 6. The influence of pH solution on 

Copper removal efficiency by adsorption on 

adsorbent (agitation speed= 200 rpm; T= 

25±4
o
C; time=1hr, Co= 10 mg/l; and dose= 

0.1 g/100 mL). 

 
Figure 7. The influence of Copper initial 

concentration on metal removal efficiency 

by adsorption on adsorbent (agitation 

speed= 200 rpm; T= 25±4
o
C; time=1hr, 

pH=5; and dose= 0.1 g/100 mL 

The influence of initial adsorbent dosage  
For batch tests at 25 ± 4 °C, initial adsorbent 

dosages effecting the copper adsorption on 

AW/Mg/Fe–LDH were investigated with 

numerous volumes of the sorbent (0.02 to 0.3 

g) in 50 ml copper solution. The relation 

between amounts of reactive material and 

metal removal efficiency at equilibrium state 

are shown in Figure 8. In addition, fixing the 

initial metal concentration and increasing the 

adsorbent dosage from 0.02 to 0.3 g/50 mL, 

the metal removal efficiency improved. When 

the adsorbent dosage reached 0.2 g, the 

maximum removal was achieved, and despite 

increasing the adsorbent dosage, the copper 

contained in the solution and on the sorbent 

remained constant.  

 
Figure 8. The influence of sorbent dosage on 

metal removal efficiency by adsorption on 

adsorbent (agitation speed= 200 rpm; T= 

25±4
o
C; time=1hr, pH=5; and Co=10 mg/L) 

Adsorption isotherms & kinetics 
The experimental data were fattened by 

isotherms (Langmuir model, Freundlich 

model) that were presented in (eq. 2) (6) and 

(eq. 3) (29), respectively. The results shown in 

Table 1 represent the determination 

coefficient, parameters and sum square error 

for the copper sorption on the adsorbent, and 

they were compared to each isotherm. As a 

result, it can be seen from this comparison that 

the Freundlich model (highest R
2 

and
 
lower 

SSE) was good for the adsorption process.  

 𝒒𝒆 =
𝒒𝒎𝒃𝑪𝒆

𝟏+𝒃𝑪𝒆
                                    (2) 

    𝒒𝒆 = 𝑲𝑭𝑪𝒆

𝟏
𝒏⁄
                                    (3) 

Where 𝑏 is the constant associated to the free 

energy adsorption, qm is the maximum 

adsorption capacity, 𝐶𝑒 is the solute 

concentration at equilibrium in the bulk 

solution (mg/L), 𝑞𝑒 is the amount of a solute 

adsorbed per unit weight of an adsorbent at 

equilibrium (mg/g), 𝐾𝐹 is the coefficient of 

Freundlich sorption  ((mg/g)(l/mg)
1/n

) and 𝑛 is 

an empirical coefficient indicative of the 

intensity of the adsorption. The pseudo-first-

order (eq. 4) (20) and pseudo-second-order 

(eq. 5) (14) were utilized to study the copper 

controlling mechanism on the adsorption 

process for experimental data like a chemical 

reaction on the sorbent. 

 𝒒𝒕 = 𝒒𝒆(𝟏 − 𝐞−𝒌𝟏𝒕)                           (4) 

      
𝐭

𝒒𝒕 
= (

𝟏

𝒌𝟐𝒒𝒆
𝟐 +

𝒕

𝒒𝒆
)                                 (5) 

Where k1 and k2 represent the pseudo-first-

order and pseudo-second-order of equilibrium 

adsorption at a constant rate (L/min), 

respectively, qt and qe are the quantities of a 
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sorbate removed from an aqueous solution at 

time t. The investigation of kinetic models 

nonlinear forms was done by nonlinear 

regression analysis (Figure 9).  

 
Fig. 9. The applying of Copper nonlinear 

regression analysis to calculate adsorption 

kinetics models (agitation speed= 200 rpm; 

T= 25±4
o
C; time=1hr, pH=5; and Co=10 

mg/L and 0.5 g/50 mL) 

The rate of pseudo-first-order and pseudo-

second-order for the copper adsorption on 

AW/Mg/Fe–LDH remained constant, and the 

values of calculation and experimental qe are 

presented in (Table 2). The results show that if 

the kinetic models apply for the copper 

sorption,  the correlation coefficients (R
2
) were 

higher than 0.99 and the determination 

sorption capacities were near to the 

experimental data for the pseudo-second-

order, while for the pseudo-first-order, the 

correlation coefficients (R
2
) were very low. 

However, the kinetic model of the pseudo-

second-order complied with the copper 

sorption process, where chemisorption was 

suggested. The ion exchange obeys the 

mechanisms of the copper removal. It is 

obvious from Figure 3, as copper exchanges 

with carbonate instead of adsorbing it, the 

bands at 1375 cm
−1

 changed. The adsorption 

process involved the negatively charged peaks 

for moving and changing groups in intensity 

after the sorption. 

Table 1. The results of sorption isotherm models, pseudo-first-order, and the pseudo-second-

order for Copper adsorption (agitation speed= 200 rpm; T= 25±4
o
C; time=1hr, pH=5; and 

Co=10 mg/l and 0.5 g/50 mL). 
 

Models type 
Calculated 

parameters 
Cu

+2
 

Iso
th

erm
 m

o
d

els 
Langmuir 

𝒒𝒎 35.39 

𝒃 0.55 

R
2
 0.98 

SSE* 7.95 

Freundlich 

𝑲𝑭 12.02 

𝒏 1.62 

R
2
 0.99 

SSE* 2.77 

k
in

etics m
o

d
e
ls 

Pseudo-first-order 

𝒌𝟏 0.4221 

𝒒𝒆 0.9596 

R
2
 0.9399 

SSE* 0.0007 

Pseudo-second-order 

𝒌𝟐 1.4014 

𝒒𝒆 0.9816 

R
2
 0.9994 

SSE* 0.0005 

 qe exp. 0.965 

The novel adsorbent was prepared by simple 

co-precipitation method including coating the 

activated carbon derived from agriculture 

waste, namely  leaf base date palm, by Mg/Fe 

layered double hydroxides. The sorption 

process was examined for the copper removal 

from wastewater. The model of Langmuir 

isotherm and the pseudo-second-order kinetics 

complied with the copper sorption process 

according to the kinetics and isotherms 

studies. In this way, the AW/Mg/Fe–LDH can 

be considered to be appropriate copper 

scavengers with a highly effective Cu
2+

 

removal from wastewater 
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