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ABSTRACT 

Natural clays have been recommended as a green alternative sorbent, with low cost, good 

mechanical properties, and good tolerance to a harsh chemical environment. However, on a large 

scale, it is difficult to separate the clay particles from the solution; the centrifugation process 

involves a high speed, and the filtration procedure is prone to filter blockages. Therefore, a 

suitable method for the separation of clay particles is necessary to be found. To solve this 

problem, the clay should be modified. In this paper, attapulgite (ATP) as a natural clay was 

modified using double-layer hydroxide to produce LDH-ATP sorbent. Different sorption 

isotherm models of the modified attapulgite for the removal of Sr
2+

, Co
2+

, and Ni
2+ 

ions from a 

multicomponent solution were evaluated, for instance, the extended Langmuir and Freundlich 

isotherm models. The results demonstrated that the extended Langmuir is more suitable than 

Freundlich isotherm (with R
2
 values greater than 0.95). The maximum capacity was computed 

and found to be 2.6, 1.64, and 1.60 mmol/g for Ni
2+

, Co
2+

, and Sr
2+

, respectively. Finally, the 

LDH-ATP can be recommended for the removal of Sr
2+

, Co
2+

, and Ni
2
 ions from 

multicomponent media. 

Keywords: Attapulgite clay, Layered double hydroxide, Equilibrium isotherm, multicomponent 

solution.  

1. INTRODUCTION 

Radioactive waste is an unavoidable 

legacy from the uses of radioactive materials 

in different fields including industrial, 

medical, research, and nuclear facility. 

Consequently, the management of this waste 

is a matter of relevance worldwide. To 

reduce the hazardous effects of the 

radioactive and toxic wastes released into 

the environment, improvement of treatment 

methods and technologies are involved. 
Received:15 March, 2020, Accepted: 12 July , 2020  

 

 

There are different methods used for 

the treatment of waste streams such as 

adsorption [1, 2], ion exchange [3, 4], 

electrochemical cell [5], and chemisorption 

[6].  

 

The usage of natural materials as 

sorbents has drawn considerable interest in 

the last decade, primarily due to the low 

cost, the intrinsically environmentally 

friendly properties, and the high selectivity 

of some metal ions,. Clays are suggested as 

a green alternative, with good mechanical 

mailto:sicosad@hotmail.com


-2- 

 

characteristics, low cost, and good resistance 

to a harsh chemical environment [7]. 

  

Attapulgite (ATP) as a clay mineral 

can be used as a sorbent. The micro-pores 

and channels give ATP a high surface area, 

further its adsorption capacity encourages its 

commercial application. Therefore, ATP has 

been recommended as a promising 

adsorbent for heavy metals removal [8], [9], 

[10] and [11] and adsorption of dyes [12] 

and [13]. However, on a large scale, it is 

difficult to separate ATP particles from 

solution, for example; the centrifugation 

process requires a very high speed, and the 

filtration procedure is prone to filter 

blockages. Hence, it is essential to find a 

suitable method for the separation of ATP 

particles simply and in a large scale. To 

solve this problem, modification of ATP is 

achieved using different materials [14], [15] 

[16] and [17]. 

In this work, Layered Double 

Hydroxide (LDH) material was applied to 

modify attapulgite. LDH is known as 

hydrotalcite-like compounds, anionic clays, 

and host-guest materials. LDH compounds 

demonstrate promising properties, for 

instance, surface areas, porous volumes, 

high adsorption capacity, good thermal 

stability, and regeneration efficiency [18] 

and [19] to sorb pollutants. These layers 

attract negatively-charged hydroxide ions to 

the surfaces of LDH crystals in aqueous 

solution to form metal hydroxides. 

Meanwhile, the charge compensating 

carbonate anion joined on the surface and 

edge could also bond with metal ions to 

form insoluble metal carbonates. Therefore, 

LDHs are used for ions removal. Hence, 

modification of attapulgite was achieved in 

this study by Mg–Al layered double 

hydroxides; the modified attapulgite was 

characterized and used for the removal of 

cobalt, nickel, and strontium ions in 

multicomponent solution. 

                                                                                                                  

   In the previous work [20], 

preliminary studies on the modified 

attapulgite were carried out from which the 

kinetic behavior of the sorption process for 

Sr
2+

, Ni
2+

, and Co
2+

 ions was estimated, as 

well as the preparation and characterization 

of the sorbent were carried out in the 

previous work. While in this work, the 

application to remove Sr
2+

, Ni
2+

, and Co
2+

 

ions from multicomponent solution was 

studied.    

                                                                                           

2. METHODS AND MATERIALS 

2.1. Materials  

Raw ATP was purchased from Alfa 

Chemika Company (India). 

Strontium Chloride, Nickel Chloride, and 

Cobalt Chloride were purchased from 

Aldrich Company. Aluminum Nitrate and 

Magnesium Nitrate were purchased from 

Alpha Chemika Company. The pH was 

adjusted by the addition of NH4OH and/or 

HNO3 which obtained from Fluka. 

 

2.2. Preparation of LDH-ATP                                       

ATP was modified using LDH to 

produce LDH-ATP according to the 

procedure described in the previous work 

[20]; ten g of ATP clay was dispersed in 100 

mL of 1.0 mol/L HCl for 1.0 h at 70
o
C with 

the aid of magnetic stirrer to produce a 

homogeneous dispersion. Then a certain 

amount of magnesium and aluminum 

nitrates was dissolved in deionized water 

and transferred into the above dispersion 

under vigorous magnetic stirring for 1.0 h 

after adjusting of pH at 9.5–10.0 using 1.0 

mol/L NH4OH solution. The resulting slurry 

was aged, followed by filtration and 

washing with deionized water repeatedly. 
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The collected product (LDH-ATP) was 

dried at 70
o
C. 

2.3. Equilibrium investigations 

Batch sorption experiments were 

conducted by introducing 20 mL of the 

multicomponent solution with a known total 

initial concentration of the metal ions into 

glass bottles containing accurately weighed 

amounts, 0.05 g, of the sorbent. The total 

concentration of the sorptive solution was 

ranged from 10
-4

 to10
-2

 mol/L. The glass 

bottles were shaken using a shaker water 

bath at a constant temperature until sorption 

equilibrium was established. The pH of the 

mixtures (pH = 5.0) was maintained with 0.1 

mol/L NaOH and/or 0.1 mol/L HCl 

solutions. All the experiments were 

performed at four different temperatures, 

298, 303, 313, and 323 K. After equilibrium 

time (30 min), then centrifugation was used 

to remove the sorbent from the liquid phase. 

Atomic absorption spectrophotometry (Buck 

Scientific model 210 VGP, USA) has been 

used to determine the equilibrium 

concentrations of Co
2+

, Ni
2+

, and Sr
2+

 ions. 

The amount of metal ions sorbed (qe, 

mmol/g) was computed using the following 

equation. 

 

 

  

where C0 and Ce are the initial and 

equilibrium concentrations of the metal ions 

(mol/L), V is the volume of sample in litter 

and m is the mass of LDH-ATP in gram.   

 

3. RESULTS AND DISCUSSION 

3.1. Sorption isotherms 

Generally, the sorption isotherm 

clarifies how sorbents interact with sorbates, 

so it is significant in optimizing the 

utilization of sorbents. The amount sorbed 

(mmol/g) of Co
2+

, Ni
2+

, and Sr
2+

 ions onto 

LDH-ATP at temperatures of 298, 303, 313, 

and 323 K was computed by changing the 

initial total molarity of metal ions from 10
-4

 

to 10
-2

 mol/L in a multicomponent solution. 

All other parameters were kept constant. 

The study of the sorption behavior of a 

material when the solution contains more 

than one component is extremely valuable. 

The isotherm models for the sorption of a 

single component are not suitable due to the 

presence of altered metal ions in the 

solution. More complex mathematical 

isotherm models are required for the 

multicomponent systems. Some popular 

isotherm models for a multicomponent 

system, for example, extended Langmuir 

and Freundlich isotherm models were 

utilized. Both isotherms were fitted 

employing the nonlinear fitting method as 

shown in Figs. 1 and 2. From the 

experimental data, increasing the initial total 

molarity of Co
2+

, Sr
2+

, and Ni
2+

 increased 

the amount sorbed. This increase could be 

explained with the high driving force for 

mass transfer.  

                                                                             

3.2. Extended Langmuir isotherm model                   

The extended Langmuir model can be 

applied to characterize the multicomponent 

sorption data. Equation 2 represents the 

extended Langmuir formula for the 

competitive sorption in a multicomponent 

system 

[21]                                                               

 

 

 

         where, qe,i (mmol/g) is the equilibrium 

amount sorbed of metal ion  for the 

component i in the multicomponent solution, 

Qi° (mmol/g) is the maximum monolayer 

sorption capacity for the component i. Ce,i 

and Ce,j are the equilibrium concentrations 

of the components i and j (mmol/L) 

respectively;  bi and bj are the affinity of 

sorbent towards the sorbates i and j, 

respectively, j =1, 2, 3,…, N, and N is the 
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number of components in the experimental 

isotherm. For the sorption of Sr
2+

, Co
2+

, and  

 

 

Ni
2+

 in a multicomponent solution, extended 

Langmuir formula becomes; 

 

 

 

 

 

 

 

 

Fig. 1 demonstrates the extended 

Langmuir plots; the maximum monolayer 

sorption capacity values were computed and 

reported in Table 1. The results revealed that 

the extended Langmuir equation fits the data 

accurately well with the R
2
 values of 0.97, 

95 and 0.96, for nickel, cobalt, and 

strontium ions, respectively. For monolayer 

sorption onto a surface with a finite number 

of identical sites, the Langmuir equation is 

highly suitable. The Qo and b values of 

Langmuir constants for the sorption of all 

ions increased with temperature showing 

that the sorption capacity and intensity of 

sorption are large at high temperature.  

 

3.3. Freundlich isotherm model  

Freundlich model offers the earliest 

identified empirical sorption isotherm 

through assuming an exponentially decaying 

sorption site energy distribution [22]. This 

phenomenon can be applied to non-ideal 

sorption on heterogeneous surfaces as well 

as multilayer sorption  The Freundlich 

isotherm model was applied in this work to 

clarify the sorption of the mentioned metal 

ions in a tertiary solution according to Eq. 

(6). This empirical formula assumes that the 

stronger binding sites can be occupied first 

and that the binding strength decreases with 

the increasing degree of site occupation [23] 

and [24]. Fig. 2 reveals the sorption 

isotherm according to the Freundlich model, 

the values of the isotherm parameters are 

listed in Tables 2. From this Table, it can be 

seen that the Langmuir model has higher 

values of R
2
 than the Freundlich model, 

therefore, the Langmuir model yields a 

better fit than the Freundlich model in 

tertiary systems. This demonstrated the 

applicability of monolayer coverage of Ni
2+

, 

Co
2+

, and Sr
2+

 ions onto the surface of the 

prepared materials and also to a 

homogeneous distribution of active sites on 

the prepared materials’ surface; since 

Langmuir equation assumes that the sorbent 

surface is energetically homogeneous [25].  

 

 

 

where KF,i is Freundlich constant for the 

component i indicating sorbent capacity, 

mmol/g/(mmol/L)
1/n

, n is Freundlich 

constant that represents the surface 

heterogeneity of the sorbent, known as 

sorbent intensity. For the sorption of Cs
+
, 

Co
2+

 and Pb
2+

 in a multicomponent system, 

Freundlich equation becomes; 

0
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Fig.1. Experimental isotherms and nonlinear Langmuir fittings  for sorption of (a) Ni
2+

, 

(b) Co
2+

 and (c) Sr
2+

 onto LDH-ATP at different temperatures 
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Table 1.  The calculated parameters of Langmuir isotherm model for Ni
2+

, Co
2+

, and Sr
2+

 ions sorbed onto LDH-ATP at 

different temperatures. 

Sr
2+

 Co
2+

 Ni
2+ 

 

Temp, 

K 

R
2

 b 

l/mol 

Qo 

mmol/g    

    

R
2

 b 

l/mol 

Qo 

mmol/g    

    

 R
2

 b 

l/mol 

Qo    

mmol/g 

0.99 0.34 1.6 0.99 0.47 1.64 0.96 0.66 2.60 298 

0.96 0.45 1.7 0.96 0.60 2.20 0.97 0.54 2.87 303 

0.97 0.38 2.4 0.96 0.66 2.69 0.97 0.54 2.90 313 

0.96 0.82 2.6 0.95 0.89 2.71 0.98 1.07 2.98 323 

Table 2.  The calculated parameters of Freundlich isotherm model for Ni
2+

 , Co
2+

, and Sr
2+

 ions sorbed onto 

the prepared material at different temperatures. 

  

Sr
2+

 Co
2+

 Ni
2+ 

 

Temp, 

K 
 

R
2

 

 

1/n 

KF, mmol/g 

/(mmol/L)
1/n 

 

R
2

 

 

1/n 

KF, 

mmol/g 

/(mmol/

L)
1/n

 

  

R
2

 

 

1/n 

KF,  mmol/g 

/(mmol/L)
1/n 

0.97 0.55 0.40 0.95 0.52 0.60 0.92 0.42 0.59 298 k 

0.96 0.49 0.51 0.91 0.47 0.70 0.94 0.50 0.78 303 k 

0.94 0.55 0.70 0.91 0.47 0.89 0.92 0.52 0.94 313k 

0.86 0.46 1.07 0.86 0.43 1.09 0.70 0.36 1.35 323k 

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8 9 10 11 12

q
e,

 m
m

o
l/

g 

Ce , mmol/L 

298 K 303 K 313 K 323 K



-7- 

4. CONCLUSION 

Attapulgite modification was 

successfully carried out using LDH and used 

as a novel material for the sorption of Sr
2+

, 

Co
2+

, and Ni
2+

 from a multicomponent 

solution. Isotherm studies showed that the 

extended Langmuir isotherm model fits well 

the sorption data of the three ions. The 

maximum monolayer sorption capacity was 

computed and found to be 2.6, 1.64, and 1.60 

mmol/g for Ni
2+

, Co
2+

, and Sr
2+

, respectively. 

From the results, one can conclude that LDH-

ATP can be employed as a candidate sorbent 

for the removal of Sr
2+

, Co
2+

, and Ni
2
 ions 

from multicomponent media. 
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 الملخص

يتم استخدامو كمادة مازة وذلك ألنو يتميز ببعض الخصائص مثل رخص الثمن ولو خصائص ميكانيكية جيدة الطمي الطبيعي 

وصديق لمبيئة. ورغم تمك المميزات فإنو يصعب فصل جزيئات الطمي عن المحمول ، وىذا يتضح عند استخدام عممية الطرد 

سبة الستخدام ورق الترشيح فيو عرضة لالنسداد. لذلك من المركزي حيث أن عممية الفصل تتطمب سرعة عالية لمغاية ، وبالن

لمتغمب عمى ىذه المشكمة يمكن تحسين خواص  .الضروري إيجاد طريقة بديمة لفصل جزيئات الطمي ببساطة وعمى نطاق واسع 

وذلك باستخدام  -كأحد أنواع الطمي الطبيعي  - (ATP) لذلك اىتمت ىذه الدراسة بتحسين خواص اإلمتزاز لألتابيولجيت .الطمي

. ثم تم دراسة األيزوثيرم لممادة المحسنة إلزالة أيونات كل من LDH-ATPتسمى ىيدروكسيد مزدوج الطبقات لينتج  مادة كيميائية

األسترانشيوم والكوبمت والنيكل من محمول متعدد المكونات وذلك عن طريق دراسة بعض النماذج مثل نماذج النجمير وفريندليش 

وقد أظيرت النتائج أن نموذج النجمير ىو األفضل تطبيقًا ليذا النظام حيث أن قيمة معامل التصحيح كانت أكبر من  غير الخطية.

5..0 (R2>0.95) مممى مول/جرام وذلك أليونات  4.25و  4.21،  6.2. وتم حساب قيمة سعة التحميل ووجد أنيا تساوي

ىى مادة مرشحة إلزالة  LDH-ATPمجمل النتائج يمكن استنتاج أن مادة  النيكل و الكوبمت و األسترانشيوم عمى التوالي. ومن

 أيونات كل من األسترانشيوم و الكوبت والنيكل من المحاليل متعددة المكونات. 

 الكممات الدالة:  

 طمي األتابيولجايت ، ىيدروكسيد مزدوج الطبقات ، اإلتزان األيزوثيرمي ، محمول متعدد المكونات.

 

 

 

 

 

 


