
DATA ARTIKEL 

 

Judul Artikel : Comparison of Alkali Modified Fly Ash and Alkali Activated Fly 

Ash as Zn(II) Ions Adsorbent from Aqueous Solution 

Nama Jurnal : Science of Sintering 

Nomor ISSN : ISSN: 1820-7413 (online); 0350-820X (print) 

Vol, No., Bln Thn : Vol 54 No 1 (2022) 

Penerbit : International Institute for the Science of Sintering (IISS) 

DOI Artikel  : https://doi.org/10.2298/SOS2201049P 

Terindex : Scopus, Q2 

H-index : 25 

SJR : 0,32 (2021) 

 

 

REKAP BUKTI KORESPONDENSI 

 

Tanggal Keterangan 

19 Januari 2021 Manuscript submission 

9 Februari 2021 Review report 

2 Maret 2021  Submit revised manuscript  

4 Mei 2021 Acceptance notification 

 

https://www.scimagojr.com/journalsearch.php?q=International%20Institute%20for%20the%20Science%20of%20Sintering%20(IISS)&tip=pub
https://doi.org/10.2298/SOS2201049P


Aprilina Purbasari <aprilina.purbasari@che.undip.ac.id>

Manuscript submission 
2 messages

Aprilina Purbasari <aprilina.purbasari@che.undip.ac.id> Tue, Jan 19, 2021 at 9:30 AM
To: scisint@sanu.ac.rs, vladimir.pavlovic@itn.sanu.ac.rs

January 19, 2021

Prof. Dr. Vladimir Pavlovic

Editor-in-Chief

Science of Sintering

Institute of Technical Sciences, Serbian Academy of Sciences and Arts 

Belgrade, Serbia

 

Dear Prof. Dr. Vladimir Pavlovic,

 

I am writing to submit a manuscript entitled “Comparison of Alkali Modified Fly Ash and Alkali Activated Fly Ash as Zn(II) Ions
Adsorbent from Aqueous Solution” for consideration of publication in Science of Sintering Journal.

I confirm that this manuscript is original and has not been published elsewhere nor is it currently under consideration for publication
elsewhere.

Thank you very much for your consideration of this manuscript.

 

Yours Sincerely,

Aprilina Purbasari

Department of Chemical Engineering, Faculty of Engineering, Universitas Diponegoro

Jl. Prof. Soedarto, Kampus Tembalang, Semarang 50275, Indonesia

Tel.: +62-24-7460058 / +62-8156503735

3 attachments

Manuscript_SciSinter_Purbasari_etal.docx 
1063K

Statement letter_SciSinter_Purbasari_etal.PDF 
179K

Reviewers list_Purbasari_etal.docx 
15K

scisint@sanu.ac.rs <scisint@sanu.ac.rs> Tue, Jan 19, 2021 at 4:13 PM
Reply-To: scisint@sanu.ac.rs
To: Aprilina Purbasari <aprilina.purbasari@che.undip.ac.id>

Thank you very much! 

> January 19, 2021 
> 
> Prof. Dr. Vladimir Pavlovic 
> 
> Editor-in-Chief 
> 
> Science of Sintering 
> 
> Institute of Technical Sciences, Serbian Academy of Sciences and Arts 
> 

https://mail.google.com/mail/u/0/?ui=2&ik=2a2627819e&view=att&th=177187a9fe14a132&attid=0.1&disp=attd&realattid=f_kk3dpfk80&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=2a2627819e&view=att&th=177187a9fe14a132&attid=0.2&disp=attd&realattid=f_kk3dq4xx1&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=2a2627819e&view=att&th=177187a9fe14a132&attid=0.3&disp=attd&realattid=f_kk3dqeb92&safe=1&zw


> Belgrade, Serbia 
> 
> 
> 
> Dear Prof. Dr. Vladimir Pavlovic, 
> 
> 
> 
> I am writing to submit a manuscript entitled “*Comparison of Alkali 
> Modified Fly Ash and Alkali Activated Fly Ash as Zn(II) Ions Adsorbent 
> from 
> Aqueous Solution*” for consideration of publication in Science of 
[Quoted text hidden]



1 

 

Comparison of Alkali Modified Fly Ash and Alkali Activated Fly Ash 

as Zn(II) Ions Adsorbent from Aqueous Solution   

 

Aprilina Purbasari*, Dessy Ariyanti, Siswo Sumardiono, Muhammad Anif Shofa, 

Reinhard Parasian Manullang 

 

Department of Chemical Engineering, Faculty of Engineering, Universitas Diponegoro,  

Jl. Prof. Soedarto, Kampus Tembalang, Semarang 50275, Indonesia 

 

*Corresponding author: aprilina.purbasari@che.undip.ac.id 

 

Abstract. Fly ash which is solid waste can be used as adsorbent for wastewater 

treatment. Alkali modification and alkali activation on fly ash can increase the 

adsorption capacity of fly ash. In this study, alkali modified fly ash and alkali activated 

fly ash were used as Zn(II) ions adsorbents. The effect of adsorption time and initial 

concentration of Zn(II) ions was studied, as well as the kinetics and isotherm 

adsorption. The results showed that the removal efficiency of Zn(II) ions by alkali 

activated fly ash is higher than that by alkali modified fly ash. The adsorptions of Zn(II) 

ions by alkali modified fly ash and by alkali activated fly ash have reached equilibrium 

after two hours. The increase of initial concentration of Zn(II) ions would decrease the 

removal efficiency with both alkali modified fly ash and alkali activated fly ash. 

Adsorptions of Zn(II) ions by both alkali modified fly ash and alkali activated fly ash 

tend to follow pseudo second order kinetics model and Langmuir isotherm model with 

maximum adsorption capacity of 62.696 mg/g and 66.667 mg/g, respectively. 

 

Keywords: adsorption, alkali modified fly ash, alkali activated fly ash, Zn(II) ions 

 

1. Introduction 

 

The use of coal as energy source by combustion process produces fly ash as solid waste. 

Fly ash, generally collected by electrostatic precipitator, can be utilized rather than 

disposed of. Common utilizations of fly ash are for soil amendment, road and pavement 
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construction, concrete and cement production, zeolite and geopolymer production, 

adsorbent for wastewater treatment, etc. [1-3]. Adsorption is one of the most widely 

method used in wastewater treatment. Compared to other methods such as chemical 

precipitation, electrochemical treatment, ion exchange, ultrafiltration, and reverse 

osmosis, adsorption has advantages namely simple, flexible, efficient, and low cost [4, 

5]. 

 

In its application as adsorbent, the origin (type of coal, combustion condition) and 

chemical treatment of fly ash affect its adsorption capacity [6, 7]. Chemical treatment of 

fly ash by modification with an alkali solution can increase surface area resulting in 

increased adsorption capacity [8-10]. Meanwhile, activation of fly ash with a mixture of 

alkali solution and alkali silicate solution, commonly referred to as geopolymerization 

process, can transform fly ash into an amorphous three-dimensional structure [11]. 

Alkali activated fly ash has been widely used as adsorbent for heavy metals and dyes 

[12, 13]. 

 

In this study, alkali modification and alkali activation are applied on fly ash before 

being used as Zn(II) ions adsorbent. The presence of Zn(II) ions at certain level in water 

can cause health problems, such as gastroenteritis, skin irritations, neurotoxicity, 

hepatotoxicity, and hemotoxicity [14-16]. The effect of adsorption time and initial 

concentration of Zn(II) ions on the adsorption process of Zn(II) ions by alkali modified 

fly ash and by alkali activated fly ash will be studied, as well as the kinetics and 

isotherm adsorption. 

 

2. Materials and Methods 

2.1. Materials 

Fly ash containing major oxides Al2O3 (22.62%), CaO (14.80%), Fe2O3 (9.45%), and 

SiO2 (42.38%) from power plants in East Java, Indonesia was used in this study. Fly ash 

was sieved with 100 mesh standard sieve. Commercial sodium hydroxide flakes (purity 

of 98%) was used for alkali modification of fly ash and also for alkali activation of fly 

ash with sodium silicate solution. Sodium silicate solution had SiO2/Na2O mole ratio of 
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3.2 and solid mass fraction of 0.35. Analytical grade ZnSO4.7H2O and distilled water 

were used for preparing aqueous solution of Zn(II) ions. 

 

2.2. Alkali modified fly ash 

Fly ash was modified using10 N sodium hydroxide solution with solid to liquid ratio of 

1:8 at temperature of 60 oC and stirring rate of 200 rpm for 8 hours. Modified fly ash 

was washed with deionized water then and dried at temperature of 110 oC in oven for 12 

hours. 

 

2.3. Alkali activated fly ash 

Fly ash was activated using alkaline activator consisted of 10 N sodium hydroxide 

solution and sodium silicate solution in a ratio of 1:1. Fly ash was mixed with alkaline 

activator in a planetary mixer for 10 minutes (ratio of fly ash to alkaline activator was 

2.5:1) and the mixture was then placed in a 5x5x5 cm mold for 24 hours. Alkali 

activated fly ash was removed from the mold and heated in an oven at temperature of 60 

oC for 6 hours. After cured for 7 days in room temperature, alkali activated fly ash was 

crushed and sieved with 60 mesh standard sieve.  

 

2.4. Adsorption of Zn(II) ions 

Batch adsorption of Zn(II) ions was carried out on 100 ml solution at pH 6, adsorbent 

mass of 0.2 g, and stirring rate of 200 rpm. Initial concentration of Zn(II) ions solution 

was varied, i.e. 10, 25, 50, 75, 100, 125, 150 ppm, respectively. Moreover, adsorption 

time was also varied, i.e. 15, 30, 45, 60, 75, 90, 105, 120, 150, 180 minutes, 

respectively. After the adsorption process was complete, the adsorbent was separated 

from the solution by filtration. The concentration of Zn(II) ions solution was measured 

by Atomic Absorption Spectroscopy (AAS) with PerkinElmer AAnalyst 400 

instruments. The removal efficiency (%) of Zn(II) ions was calculated from the 

equation: 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝑍𝑛(𝐼𝐼) 𝑖𝑜𝑛𝑠 (%) =
𝐶0−𝐶𝑒

𝐶0
𝑥100     (1) 

C0 is the initial concentration of Zn(II) ions solution (mg/L) and Ce  is the concentration 

of Zn(II) ions solution at equilibrium (mg/L). 
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2.5. Kinetics and isotherm adsorption studies 

Kinetics studies on adsorption of Zn(II) ions by alkali modified fly ash and by alkali 

activated fly ash were performed with pseudo-first order and pseudo-second order 

kinetics models. The pseudo-first order kinetics model can be stated by the equation: 

ln(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝑘1𝑡         (2) 

and for the pseudo-second order kinetics model: 

𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

𝑡

𝑞𝑒
          (3) 

where qt is the adsorption capacity at time t (mg/g) and qe is the adsorption capacity at 

equilibrium (mg/g). The adsorption capacity is calculated using equation: 

𝑞 =
(𝐶0−𝐶𝑒)𝑉

𝑊
          (4) 

where V is volume of solution (L) and W is mass of adsorbent (g) [17, 18]. 

Isotherm studies were conducted with Langmuir and Freundlich isotherm models. 

Langmuir isotherm model describes chemical adsorption process with monolayer 

adsorption, whereas Freundlich isotherm model describes physical adsorption process 

with multilayer adsorption. Langmuir isotherm model can be expressed by the equation: 

𝑞𝑒 =
𝑞𝑚𝐾𝐿𝐶𝑒

1+ 𝐾𝐿𝐶𝑒
          (5) 

where qm is maximum adsorption capacity and KL is Langmuir constant related to 

adsorption capacity. Meanwhile, Freundlich isotherm model can be expressed in 

equation: 

𝑞𝑒 = 𝐾𝐹𝐶𝑒
1/𝑛

          (6) 

where KF is Freundlich constant related to adsorption capacity and 1/n is related to 

adsorption intensity [19, 20]. 

 

2.6. Characterizations 

Characterizations were carried out on fly ash, alkali activated fly ash, and alkali 

modified fly ash comprising Brunauer-Emmett-Teller (BET) surface area analysis with 

Quantachrome Instruments, scanning electron microscope (SEM) analysis with JEOL 

JSM-6510LA instruments, and X-ray diffraction (XRD) with Shimadzu XRD-7000 

instrument. 
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3. Results and Discussion 

 

Characterizations of fly ash, alkali modified fly ash, and alkali activated fly ash cover 

BET surface area analysis, SEM analysis, and XRD analysis. The results of BET 

surface area analysis are shown in Tab. I. Both alkali modification and alkali activation 

have changed the surface area of fly ash to a greater extent. These results are in 

accordance with the results of SEM analysis with magnification of 1000x in Fig. 1. 

Surface of alkali modified fly ash looks rougher and porous as obtained by previous 

research works [9, 21, 22]. Meanwhile, alkali activated fly ash shows continuous phase 

forming amorphous three-dimensional structure as obtained in previous studies [23-25].  

 

Tab. I Surface area of fly ash, alkali modified fly ash and alkali activated fly ash. 

 

 

Fig. 1. Scanning electron micrographs of fly ash (a), alkali modified fly ash (b) and 

alkali activated fly ash (c). 

 

Fig. 2 shows the results of XRD analysis. The major crystalline peaks in all three 

materials come from quartz and mullite around 2θ=26o [26, 27]. Quartz and mullite 

originating from fly ash are still found in alkali modified fly ash and alkali activated fly 

ash. There is a decrease in the intensity of crystalline peaks both in alkali modified fly 

ash and in alkali activated fly ash. 

 

Fig. 2. X-ray diffractograms of fly ash (a), alkali modified fly ash (b) and alkali 

activated fly ash (c). 

 

Adsorptions of Zn(II) ions by alkali modified fly ash and by alkali activated fly ash 

were carried out by varying adsorption time and initial concentration. The increase in 

adsorption time of up to two hours can increase the removal efficiency of Zn(II) ions 

but after that the removal efficiency is relatively constant as shown in Fig. 3. This 

indicates that after two hours the adsorptions of Zn(II) ions by alkali modified fly ash 

and by alkali activated fly ash have reached equilibrium. Furthermore, the increase of 

initial concentration of Zn(II) ions would decrease the removal efficiency with both 
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alkali modified fly ash and alkali activated fly ash as shown in Fig. 4. This can happen 

because at high initial concentration the surface of adsorbent can no longer adsorb 

Zn(II) ions. The removal efficiency of Zn(II) ions by alkali activated fly ash is higher 

than that by alkali modified fly ash. In addition to alkali activated fly ash having higher 

surface area compared to alkali modified fly ash, alkali activated fly ash has negative 

charge from aluminium sites that can attract positive ions so that more Zn(II) ions will 

be adsorbed at surface of alkali activated fly ash [13, 28].  

 

Fig. 3. The effect of adsorption time on Zn(II) ions removal efficiency by alkali modified 

fly ash (a) and by alkali activated fly ash (b). 

 

Fig. 4. The effect of initial concentration on Zn(II) ions removal efficiency by alkali 

modified fly ash (a) and by alkali activated fly ash (b). 

 

Kinetic studies on Zn(II) ions adsorption by alkali modified fly ash and by alkali 

activated fly ash were conducted based on pseudo first order kinetics model and pseudo 

second order kinetics model. Linear fittings of pseudo first order kinetics model (ln(qe-

qt) versus t) and pseudo second order kinetics model (t/qt versus t) for adsorption of 

Zn(II) ions by alkali modified fly ash and by alkali activated fly ash are shown in Fig. 5 

and Fig. 6, respectively, with obtained adsorption kinetics parameters are listed in Tab. 

II. Adsorptions of Zn(II) ions by both alkali modified fly ash and alkali activated fly ash 

tend to follow pseudo second order kinetics model based on coefficient of correlations 

(R2) which chemical adsorption controls the adsorption process [17, 18]. 

 

Fig. 5. Linear fittings of pseudo first order kinetics model (a) and pseudo second order 

kinetics model (b) for adsorption of Zn(II) ions by alkali modified fly ash. 

 

Fig. 6. Linear fittings of pseudo first order kinetics model (a) and pseudo second order 

kinetics model (b) for adsorption of Zn(II) ions by alkali activated fly ash. 

 

Tab. II Adsorption kinetics parameters for Zn(II) ions adsorption. 
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Langmuir isotherm and Freundlich isotherm were used in isotherm studies on Zn(II) 

ions adsorption by alkali modified fly ash and by alkali activated fly ash. Fig. 7 shows 

linear fitting of Langmuir isotherm (Ce/qe versus Ce) and Freundlich isotherm (log qe 

versus log Ce) for adsorption of Zn(II) ions by alkali modified fly ash, while Fig. 8 for 

adsorption of Zn(II) ions by alkali activated fly ash. Adsorption isotherm parameters for 

Zn(II) ions adsorption were listed in Tab. III. Based on coefficient of correlations (R2) in 

isotherm model, Langmuir isotherm is better to explain adsorption of Zn(II) ions by 

both adsorbent. In the Langmuir isotherm, it is assumed that the adsorbent has 

homogeneous surface so that only one layer of adsorbate is formed on the adsorbent 

surface (monolayer chemical adsorption) [19, 20]. Furthermore, characteristics of 

Langmuir isotherm can be expressed in terms of the separation factor, RL, calculated by 

the equation: 

𝑅𝐿 =
1

1+𝐾𝐿𝐶0
          (7) 

From the value of RL, adsorption process can be classified irreversible (RL=0), favorable 

(0< RL<1), linear (RL=1), or unfavorable (RL>1).  Adsorption of Zn(II) ions by alkali 

modified fly ash has RL value of 0.74-0.16 with initial concentration of 10-150 ppm, 

while adsorption of Zn(II) ions by alkali activated fly ash has RL value of 0.54-0.07. 

Thus, adsorptions of Zn(II) ions by both alkali modified fly ash and alkali activated fly 

ash are favorable adsorption.  

 

Fig. 7. Linear fitting of Langmuir isotherm (a) and Freundlich isotherm (b) for 

adsorption of Zn(II) ions by alkali modified fly ash. 

 

Fig. 8. Linear fitting of Langmuir isotherm (a) and Freundlich isotherm (b) for 

adsorption of Zn(II) ions by alkali activated fly ash. 

 

Tab. III Adsorption isotherm parameters for Zn(II) ions adsorption. 

 

Based on adsorption kinetics and isotherm studies, adsorptions of Zn(II) ions by alkali 

modified fly ash and by alkali activated fly ash follow pseudo second order kinetics 

model and Langmuir isotherm model. Maximum adsorption capacity (qm) of Zn(II) ions 

by alkali modified fly ash and by alkali activated fly ash in this study are 62.696 mg/g 
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and 66.667 mg/g, respectively. Similar results were obtained from previous studies 

using alkali modified fly ash [9] and also using alkali activated slag [15] for adsorption 

of Zn(II) ions that followed pseudo second order kinetics model and Langmuir isotherm 

model with qm of 56.8 mg/g and 86 mg/g, respectively.  

 

4. Conclusions 

 

Alkali modification and alkali activation have been applied on fly ash then used as 

Zn(II) ions adsorbent. The removal efficiency of Zn(II) ions by alkali activated fly ash 

is higher than that by alkali modified fly ash. Adsorptions of Zn(II) ions by both alkali 

modified fly ash and alkali activated fly ash tend to follow pseudo second order kinetics 

model and Langmuir isotherm model. 
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FIGURES 

 

 

   

(a) (b) (c) 

Fig. 1. Scanning electron micrographs of fly ash (a), alkali modified fly ash (b) and 

alkali activated fly ash (c). 
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Fig. 2. X-ray diffractograms of fly ash (a), alkali modified fly ash (b) and alkali 

activated fly ash (c). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



12 

 

 

 

0 20 40 60 80 100 120 140 160 180 200

10

20

30

40

50

60

70

80

90
R

e
m

o
v
a
l 
e
ff
ic

ie
n
c
y
 (

%
)

Time (minutes)

 (b)

 (a)

 

Fig. 3. The effect of adsorption time on Zn(II) ions removal efficiency by alkali 

modified fly ash (a) and by alkali activated fly ash (b). 
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Fig. 4. The effect of initial concentration on Zn(II) ions removal efficiency by alkali 

modified fly ash (a) and by alkali activated fly ash (b). 
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(a) (b) 

Fig. 5. Linear fittings of pseudo first order kinetics model (a) and pseudo second order 

kinetics model (b) for adsorption of Zn(II) ions by alkali modified fly ash. 
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(a) (b) 

Fig. 6. Linear fittings of pseudo first order kinetics model (a) and pseudo second order 

kinetics model (b) for adsorption of Zn(II) ions by alkali activated fly ash. 
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Fig. 7. Linear fitting of Langmuir isotherm (a) and Freundlich isotherm (b) for 

adsorption of Zn(II) ions by alkali modified fly ash. 
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Fig. 8. Linear fitting of Langmuir isotherm (a) and Freundlich isotherm (b) for 

adsorption of Zn(II) ions by alkali activated fly ash. 
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TABLES 

 

 

Tab. I Surface area of fly ash, alkali modified fly ash and alkali activated fly ash. 

 

Materials Surface area 

(m2/g) 

Fly ash 1.745 

Alkali modified fly ash 18.693 

Alkali activated fly ash 19.567 
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Tab. II Adsorption kinetics parameters for Zn(II) ions adsorption. 

 

Adsorbent Pseudo first order kinetics 

model 

Pseudo second order kinetics 

model 

qe 

(mg/g) 

k1 

(1/min) 

R2 qe 

(mg/g) 

k2 

(g/(mg.min)) 

R2 

Alkali modified 

fly ash 

83.513 

 

0.035 

 

0.908 61.576 

 

0.000140 

 

0.941 

Alkali activated 

fly ash 

61.191 

 

0.029 

 

0.897 61.652 

 

0.000105 

 

0.910 
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Tab. III Adsorption isotherm parameters for Zn(II) ions adsorption. 

Adsorbent Langmuir model Freundlich model 

qm 

(mg/g) 

KL  

(L/mg) 

R2 1/n KF  

(mg/g.(L/mg)1/n) 

R2 

Alkali modified 

fly ash 

62.696 

 

0.036 

 

0.980 0.704 

 

2.685 

 

0.965 

Alkali activated 

fly ash 

66.667 

 

0.085 

 

0.979 0.652 

 

2.149 

 

0.942 
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as Zn(II) Ions Adsorbent from Aqueous Solution   
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Abstract. Fly ash which is solid waste can be used as adsorbent for wastewater 

treatment. Alkali modification and alkali activation on fly ash can increase the 

adsorption capacity of fly ash. In this study, alkali modified fly ash and alkali activated 

fly ash were used as Zn(II) ions adsorbents. The effect of adsorption time and initial 

concentration of Zn(II) ions was studied, as well as the kinetics and isotherm 

adsorption. The results showed that the removal efficiency of Zn(II) ions by alkali 

activated fly ash is higher than that by alkali modified fly ash. The adsorptions of Zn(II) 

ions by alkali modified fly ash and by alkali activated fly ash have reached equilibrium 

after two hours. The increase of initial concentration of Zn(II) ions would decrease the 

removal efficiency with both alkali modified fly ash and alkali activated fly ash. 

Adsorptions of Zn(II) ions by both alkali modified fly ash and alkali activated fly ash 

tend to follow pseudo second order kinetics model and Langmuir isotherm model with 

maximum adsorption capacity of 62.696 mg/g and 66.667 mg/g, respectively. 

 

Keywords: adsorption, alkali modified fly ash, alkali activated fly ash, Zn(II) ions 

 

1. Introduction 

 

The use of coal as energy source by combustion process produces fly ash as solid waste. 

Fly ash, generally collected by electrostatic precipitator, can be utilized rather than 

disposed of. Common utilizations of fly ash are for soil amendment, road and pavement 
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construction, concrete and cement production, zeolite and geopolymer production, 

adsorbent for wastewater treatment, etc. [1-3]. Adsorption is one of the most widely 

method used in wastewater treatment. Compared to other methods such as chemical 

precipitation, electrochemical treatment, ion exchange, ultrafiltration, and reverse 

osmosis, adsorption has advantages namely simple, flexible, efficient, and low cost [4, 

5]. 

 

In its application as adsorbent, the origin (type of coal, combustion condition) and 

chemical treatment of fly ash affect its adsorption capacity [6, 7]. Chemical treatment of 

fly ash can be done by modification using an alkali solution, lime or magnetite. These 

modifications can increase surface area resulting in increased adsorption capacity of 

heavy metals [8-12]. Meanwhile, activation of fly ash with a mixture of alkali solution 

and alkali silicate solution, commonly referred to as geopolymerization process, can 

transform fly ash into an amorphous three-dimensional structure [13]. Alkali activated 

fly ash has been widely used as adsorbent for heavy metals and dyes [14, 15]. 

 

In this study, alkali modification and alkali activation are applied on fly ash before 

being used as Zn(II) ions adsorbent. The presence of Zn(II) ions at certain level in water 

can cause health problems, such as gastroenteritis, skin irritations, neurotoxicity, 

hepatotoxicity, and hemotoxicity [16-18]. The effect of adsorption time and initial 

concentration of Zn(II) ions on the adsorption process of Zn(II) ions by alkali modified 

fly ash and by alkali activated fly ash will be studied, as well as the kinetics and 

isotherm adsorption. 

 

2. Materials and Methods 

2.1. Materials 

Fly ash containing major oxides Al2O3 (22.62%), CaO (14.80%), Fe2O3 (9.45%), and 

SiO2 (42.38%) from power plants in East Java, Indonesia was used in this study. Fly ash 

was sieved with 100 mesh standard sieve. Commercial sodium hydroxide flakes (purity 

of 98%) was used for alkali modification of fly ash and also for alkali activation of fly 

ash with sodium silicate solution. Sodium silicate solution had SiO2/Na2O mole ratio of 
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3.2 and solid mass fraction of 0.35. Analytical grade ZnSO4.7H2O and distilled water 

were used for preparing aqueous solution of Zn(II) ions. 

 

2.2. Alkali modified fly ash 

Fly ash was modified using10 N sodium hydroxide solution with solid to liquid ratio of 

1:8 at temperature of 60 oC and stirring rate of 200 rpm for 8 hours. Modified fly ash 

was washed with deionized water then and dried at temperature of 110 oC in oven for 12 

hours. 

 

2.3. Alkali activated fly ash 

Fly ash was activated using alkaline activator consisted of 10 N sodium hydroxide 

solution and sodium silicate solution in a ratio of 1:1. Fly ash was mixed with alkaline 

activator in a planetary mixer for 10 minutes (ratio of fly ash to alkaline activator was 

2.5:1) and the mixture was then placed in a 5x5x5 cm mold for 24 hours. Alkali 

activated fly ash was removed from the mold and heated in an oven at temperature of 60 

oC for 6 hours. After cured for 7 days in room temperature, alkali activated fly ash was 

crushed and sieved with 60 mesh standard sieve.  

 

2.4. Adsorption of Zn(II) ions 

Batch adsorption of Zn(II) ions was carried out on 100 ml solution at pH 6, adsorbent 

mass of 0.2 g, and stirring rate of 200 rpm. Initial concentration of Zn(II) ions solution 

was varied, i.e. 10, 25, 50, 75, 100, 125, 150 ppm, respectively. Moreover, adsorption 

time was also varied, i.e. 15, 30, 45, 60, 75, 90, 105, 120, 150, 180 minutes, 

respectively. After the adsorption process was complete, the adsorbent was separated 

from the solution by filtration. The concentration of Zn(II) ions solution was measured 

by Atomic Absorption Spectroscopy (AAS) with PerkinElmer AAnalyst 400 

instruments. The removal efficiency (%) of Zn(II) ions was calculated from the 

equation: 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝑍𝑛(𝐼𝐼) 𝑖𝑜𝑛𝑠 (%) =
𝐶0−𝐶𝑒

𝐶0
𝑥100     (1) 

C0 is the initial concentration of Zn(II) ions solution (mg/L) and Ce  is the concentration 

of Zn(II) ions solution at equilibrium (mg/L). 
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2.5. Kinetics and isotherm adsorption studies 

Kinetics studies on adsorption of Zn(II) ions by alkali modified fly ash and by alkali 

activated fly ash were performed with pseudo-first order and pseudo-second order 

kinetics models. The pseudo-first order kinetics model can be stated by the equation: 

ln(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝑘1𝑡         (2) 

and for the pseudo-second order kinetics model: 

𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

𝑡

𝑞𝑒
          (3) 

where qt is the adsorption capacity at time t (mg/g) and qe is the adsorption capacity at 

equilibrium (mg/g). The adsorption capacity is calculated using equation: 

𝑞 =
(𝐶0−𝐶𝑒)𝑉

𝑊
          (4) 

where V is volume of solution (L) and W is mass of adsorbent (g) [19, 20]. 

Isotherm studies were conducted with Langmuir and Freundlich isotherm models. 

Langmuir isotherm model describes chemical adsorption process with monolayer 

adsorption, whereas Freundlich isotherm model describes physical adsorption process 

with multilayer adsorption. Langmuir isotherm model can be expressed by the equation: 

𝑞𝑒 =
𝑞𝑚𝐾𝐿𝐶𝑒

1+ 𝐾𝐿𝐶𝑒
          (5) 

where qm is maximum adsorption capacity and KL is Langmuir constant related to 

adsorption capacity. Meanwhile, Freundlich isotherm model can be expressed in 

equation: 

𝑞𝑒 = 𝐾𝐹𝐶𝑒
1/𝑛

          (6) 

where KF is Freundlich constant related to adsorption capacity and 1/n is related to 

adsorption intensity [21, 22]. 

 

2.6. Characterizations 

Characterizations were carried out on fly ash, alkali activated fly ash, and alkali 

modified fly ash comprising Brunauer-Emmett-Teller (BET) surface area and pore size 

analysis with Quantachrome Instruments, scanning electron microscope (SEM) analysis 

with JEOL JSM-6510LA instruments, and X-ray diffraction (XRD) with Shimadzu 

XRD-7000 instrument. 
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3. Results and Discussion 

 

Characterizations of fly ash, alkali modified fly ash, and alkali activated fly ash cover 

BET surface area and pore size analysis, SEM analysis, and XRD analysis. Physical 

properties from the results of BET surface area and pore size analysis are shown in Tab. 

I. Both alkali modification and alkali activation have changed the surface area, average 

pore radius, and total pore volume of fly ash to a greater extent. These results are in 

accordance with the results of SEM analysis with magnification of 5000x in Fig. 1. 

Surface of alkali modified fly ash looks rougher and porous as obtained by previous 

research works [9, 23, 24]. Meanwhile, alkali activated fly ash shows continuous phase 

forming amorphous three-dimensional structure as obtained in previous studies [25-27].  

 

Tab. I Physical properties of fly ash, alkali modified fly ash and alkali activated fly ash. 

 

 

Fig. 1. Scanning electron micrographs of fly ash (a), alkali modified fly ash (b) and 

alkali activated fly ash (c). 

 

Fig. 2 shows the results of XRD analysis. The major crystalline peaks in all three 

materials come from quartz and mullite [28, 29]. Quartz and mullite originating from fly 

ash are still found in alkali modified fly ash and alkali activated fly ash. There is a 

decrease in the intensity of crystalline peaks both in alkali modified fly ash and in alkali 

activated fly ash. 

 

Fig. 2. X-ray diffractograms of fly ash (a), alkali modified fly ash (b) and alkali 

activated fly ash (c). 

 

Adsorptions of Zn(II) ions by alkali modified fly ash and by alkali activated fly ash 

were carried out by varying adsorption time and initial concentration. The increase in 

adsorption time of up to two hours can increase the removal efficiency of Zn(II) ions 

but after that the removal efficiency is relatively constant as shown in Fig. 3. This 

indicates that after two hours the adsorptions of Zn(II) ions by alkali modified fly ash 

and by alkali activated fly ash have reached equilibrium. Furthermore, the increase of 
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initial concentration of Zn(II) ions would decrease the removal efficiency with both 

alkali modified fly ash and alkali activated fly ash as shown in Fig. 4. This can happen 

because at high initial concentration the surface of adsorbent can no longer adsorb 

Zn(II) ions.  

 

Zn(II) ions can be adsorbed by both alkali modified fly ash and alkali activated fly ash. 

Alkali modified fly ash will be negatively charged at pH 6 solution because alkali 

modified fly ash has low pH value at zero point charge (pHZPC), i.e. about 3.7 [8]. This 

condition supports adsorption of positive ions on alkali modifief fly ash. On alkali 

activated fly ash, the surface is also negatively charged from aluminium sites that can 

attract positive ions [15, 30]. The removal efficiency of Zn(II) ions by alkali activated 

fly ash is higher than that by alkali modified fly ash due to alkali activated fly ash has 

higher surface area compared to alkali modified fly ash.    

 

Fig. 3. The effect of adsorption time on Zn(II) ions removal efficiency by alkali modified 

fly ash (a) and by alkali activated fly ash (b). 

 

Fig. 4. The effect of initial concentration on Zn(II) ions removal efficiency by alkali 

modified fly ash (a) and by alkali activated fly ash (b). 

 

Kinetic studies on Zn(II) ions adsorption by alkali modified fly ash and by alkali 

activated fly ash were conducted based on pseudo first order kinetics model and pseudo 

second order kinetics model. Linear fittings of pseudo first order kinetics model (ln(qe-

qt) versus t) and pseudo second order kinetics model (t/qt versus t) for adsorption of 

Zn(II) ions by alkali modified fly ash and by alkali activated fly ash are shown in Fig. 5 

and Fig. 6, respectively, with obtained adsorption kinetics parameters are listed in Tab. 

II. Adsorptions of Zn(II) ions by both alkali modified fly ash and alkali activated fly ash 

tend to follow pseudo second order kinetics model based on coefficient of correlations 

(R2) which chemical adsorption controls the adsorption process [19, 20]. 

 

Fig. 5. Linear fittings of pseudo first order kinetics model (a) and pseudo second order 

kinetics model (b) for adsorption of Zn(II) ions by alkali modified fly ash. 
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Fig. 6. Linear fittings of pseudo first order kinetics model (a) and pseudo second order 

kinetics model (b) for adsorption of Zn(II) ions by alkali activated fly ash. 

 

Tab. II Adsorption kinetics parameters for Zn(II) ions adsorption. 

 

Langmuir isotherm and Freundlich isotherm were used in isotherm studies on Zn(II) 

ions adsorption by alkali modified fly ash and by alkali activated fly ash. Fig. 7 shows 

linear fitting of Langmuir isotherm (Ce/qe versus Ce) and Freundlich isotherm (log qe 

versus log Ce) for adsorption of Zn(II) ions by alkali modified fly ash, while Fig. 8 for 

adsorption of Zn(II) ions by alkali activated fly ash. Adsorption isotherm parameters for 

Zn(II) ions adsorption were listed in Tab. III. Based on coefficient of correlations (R2) in 

isotherm model, Langmuir isotherm is better to explain adsorption of Zn(II) ions by 

both adsorbent. In the Langmuir isotherm, it is assumed that the adsorbent has 

homogeneous surface so that only one layer of adsorbate is formed on the adsorbent 

surface (monolayer chemical adsorption) [21, 22]. Furthermore, characteristics of 

Langmuir isotherm can be expressed in terms of the separation factor, RL, calculated by 

the equation: 

𝑅𝐿 =
1

1+𝐾𝐿𝐶0
          (7) 

From the value of RL, adsorption process can be classified irreversible (RL=0), favorable 

(0< RL<1), linear (RL=1), or unfavorable (RL>1).  Adsorption of Zn(II) ions by alkali 

modified fly ash has RL value of 0.74-0.16 with initial concentration of 10-150 ppm, 

while adsorption of Zn(II) ions by alkali activated fly ash has RL value of 0.54-0.07. 

Thus, adsorptions of Zn(II) ions by both alkali modified fly ash and alkali activated fly 

ash are favorable adsorption.  

 

Fig. 7. Linear fitting of Langmuir isotherm (a) and Freundlich isotherm (b) for 

adsorption of Zn(II) ions by alkali modified fly ash. 

 

Fig. 8. Linear fitting of Langmuir isotherm (a) and Freundlich isotherm (b) for 

adsorption of Zn(II) ions by alkali activated fly ash. 

 

Tab. III Adsorption isotherm parameters for Zn(II) ions adsorption. 
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Based on adsorption kinetics and isotherm studies, adsorptions of Zn(II) ions by alkali 

modified fly ash and by alkali activated fly ash follow pseudo second order kinetics 

model and Langmuir isotherm model. Maximum adsorption capacity (qm) of Zn(II) ions 

by alkali modified fly ash and by alkali activated fly ash in this study are 62.696 mg/g 

and 66.667 mg/g, respectively. These values are higher than maximum adsorption 

capacity of unmodified fly ash for Zn(II) ions, i.e. 6.5-13.3 mg/g at temperature of 30-

60 oC [18]. Meanwhile, similar results were obtained from previous studies using alkali 

modified fly ash [9] and also using alkali activated fly ash [31] for adsorption of Zn(II) 

ions that followed pseudo second order kinetics model and Langmuir isotherm model 

with qm of 56.8 mg/g and 47.1 mg/g, respectively.  

 

4. Conclusions 

 

Alkali modification and alkali activation have been applied on fly ash then used as 

Zn(II) ions adsorbent. The removal efficiency of Zn(II) ions by alkali activated fly ash 

is higher than that by alkali modified fly ash. Adsorptions of Zn(II) ions by both alkali 

modified fly ash and alkali activated fly ash tend to follow pseudo second order kinetics 

model and Langmuir isotherm model. 
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FIGURES 

 

 

   

(a) (b) (c) 

Fig. 1. Scanning electron micrographs of fly ash (a), alkali modified fly ash (b) and 

alkali activated fly ash (c). 
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Fig. 2. X-ray diffractograms of fly ash (a), alkali modified fly ash (b) and alkali 

activated fly ash (c). 
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Fig. 3. The effect of adsorption time on Zn(II) ions removal efficiency by alkali 

modified fly ash (a) and by alkali activated fly ash (b). 
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Fig. 4. The effect of initial concentration on Zn(II) ions removal efficiency by alkali 

modified fly ash (a) and by alkali activated fly ash (b). 
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(a) (b) 

Fig. 5. Linear fittings of pseudo first order kinetics model (a) and pseudo second order 

kinetics model (b) for adsorption of Zn(II) ions by alkali modified fly ash. 
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(a) (b) 

Fig. 6. Linear fittings of pseudo first order kinetics model (a) and pseudo second order 

kinetics model (b) for adsorption of Zn(II) ions by alkali activated fly ash. 
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(a) (b) 

Fig. 7. Linear fitting of Langmuir isotherm (a) and Freundlich isotherm (b) for 

adsorption of Zn(II) ions by alkali modified fly ash. 
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Fig. 8. Linear fitting of Langmuir isotherm (a) and Freundlich isotherm (b) for 

adsorption of Zn(II) ions by alkali activated fly ash. 
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TABLES 

 

Tab. I Physical properties of fly ash, alkali modified fly ash and alkali activated fly ash. 

 

Materials Surface area 

(m2/g) 

Average pore radius 

(nm) 

Total pore volume 

(cc/g) 

Fly ash 1.745 7.270  0.006    

Alkali modified fly 

ash 

18.693 

12.892   0.120   

Alkali activated fly 

ash 

19.567 9.098 0.097 
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Tab. II Adsorption kinetics parameters for Zn(II) ions adsorption. 

 

Adsorbent Pseudo first order kinetics 

model 

Pseudo second order kinetics 

model 

qe 

(mg/g) 

k1 

(1/min) 

R2 qe 

(mg/g) 

k2 

(g/(mg.min)) 

R2 

Alkali modified 

fly ash 

83.513 

 

0.035 

 

0.908 61.576 

 

0.000140 

 

0.941 

Alkali activated 

fly ash 

61.191 

 

0.029 

 

0.897 61.652 

 

0.000105 

 

0.910 
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Tab. III Adsorption isotherm parameters for Zn(II) ions adsorption. 

Adsorbent Langmuir model Freundlich model 

qm 

(mg/g) 

KL  

(L/mg) 

R2 1/n KF  

(mg/g.(L/mg)1/n) 

R2 

Alkali modified 

fly ash 

62.696 

 

0.036 

 

0.980 0.704 

 

2.685 

 

0.965 

Alkali activated 

fly ash 

66.667 

 

0.085 

 

0.979 0.652 

 

2.149 

 

0.942 

 


