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AN ISOTHERM MODEL OF THE ADSORPTION OF NITRATE IONS 
ON THE SURFACE OF SILICA FROM SUGARCANE BAGASSE

Jaslin Ikhsan, Seti Fani

ABSTRACT

The abundant sugarcane bagasse from the sugar mills can be a waste that endangers the environment. In fact the 
sugarcane bagasse contains silica that is useful as an adsorbent. This research is focused on the synthesis of  silica 
from sugarcane bagasse and its application as an adsorbent of nitrate ions in view of the binding process between 
silica and nitrate ions. The silica from the baggase is characterized by FTIR and XRD. It is compared to Kiesel gel 
type 60 (Merck). The adsorption data is collected by varying the nitrate ions concentration. The proton stoichiometry 
(c) and the amount of the added H+ or OH¯ required to maintain a constant pH value of 7.0 during the adsorption 
experiments are calculated. All experiments are conducted at a room temperature within an equilibrium time of 30 
min. The results obtained are described by the isotherm equations of Langmuir, Freundlich, and Dubinin-Radushkev-
ich. It is found that they fit very well the Freundlich isotherm, which in turn indicates the formation of a multilayer 
coverage of the silica surface sites by nitrate ions. The energy involved in the adsorption process calculated by the 
Dubinin-Radushkevich model amounts to 5.61 kJ/mole. The c value obtained shows that the adsorption process does 
not involve a significant amount of protons. The three models used in this research provide the conlcusion that the 
nitrate ions adsorptioon is a physical one. 

Keywords: sugarcane bagasse, adsorption of NO3
-, gel silica, physisorption.
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INTRODUCTION

The sugarcane bagasse is a solid mixture of resi-
dues of the sugarcane processing industry. Most of the 
sugarcane bagasse is not optimally used. In fact, the 
sugarcane bagasse contains fiber (cellulose, pentosan, 
and lignin), ash, and water [1] that can be treated and 
used as a biomass [2], aerogel silica [3], and an adsor-
bent [4]. This study is intended to synthesize a gel silica 
from sugarcane bagasse, and to use it as an adsorbent 
of nitrate anions. 

The synthesis of SiO2 from sugarcane bagasse is 
carried out by soaking the bagasse in NaOH solution to 
produce Na2SiO3 solution and adding HCl solution to 
reach pH of 7 and gel formation [5]. The gel silica is an 
inorganic solid which has a fair thermal and mechanical 

stability. It does not swell in organic solvents [6]. 
The adsorption of nitrate anions by various adsor-

bents is reported. The use of modified silica from Lap-
indo mud is reported by Oktaviana [7]. The adsorption of 
nitrates contained in in fertilizer industry wastewater on 
treated zeolite is conducted by Wahyuni [8]. The adsorp-
tion of NO3

- by rice husk ash is reported by Widomulyo 
[9], while that of NO3

- present in wastewater in case of 
using biomass derived activated carbon is studied by 
Nunell et al. [10]. However, the use of gel silica in this 
respect has not been previously reported. The adsorption 
process can be studied by modeling the experimental 
data and proton stoichiometry measurement as done 
by Ikhsan [11] in case of adsorption of aspartic acid by 
kaolinite.

The nitrates can be a hazardous pollutant that can 
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endanger the surface and the ground water. For instance, 
the high concentrations of nitrates in the drinking wa-
ter may produce nitrosamines which cause cancer and 
increase the risk of other diseases [12]. The sources of 
free nitrates in the environment refer to the waste of the 
abundant usage of nitrogen fertilizers without a careful 
stoichiometric control [13]. The use of such fertilizers 
by the farmers in Indonesia is usually higher than that 
required by the plants, so the excess of free nitrates in the 
environment cannot be ignored. This results in soil and 
water pollution, because the anions are highly soluble in 
water. Nitrates are also wastes of the industries produc-
ing fertilizers, food and beverage packaging. 

The understanding of the process of nitrates adsorp-
tion can be an effort to overcome the abundant hazardous 
waste of soluble nitrate anions in the ground water. A 
study of anions adsorption is reported in previous works, 
such as that of Ikhsan et al. [14] who model the data 
of Ca(II) and Mg(II) adsorption by sulfonate-modified 
silica from sugarcane bagasse aiming to determine the 
process rate. The present investigation is focused on 
the removal of nitrate ions from the environment and 
the ground water through their adsorption by sugarcane 
bagasse silica.

EXPERIMENTAL
Materials

All chemicals used in this research were p.a. grade 
from Merck. The sugarcane bagasse was collected 
from Kulon Progo, Yogyakarta, Indonesia. HCl and 
NaOH were used for the separation of silica and for 
pH adjustment, while KNO3 acted as a nitrate (NO3

-) 
source. Distilled water free from minerals was used in 
this study. The glassware and the tools used included 
a muffle furnace, a Buchner filter device, a magnetic 
stirrer and a heater, a shaker, 200 mesh sieve, a mortar 
and a porcelain pestle. Rigaku Miniflex600 Benchtop 
and Shimadzu UV-Vis 2450 spectrophotometers were 
used. The X-Ray Diffraction (XRD) study was carried 
out with Thermo Nicolet Avatar 360 FTIR. 

Methods
The sugarcane bagasse was dried under sun light 

and then burnt. The ash obtained was further calcinated 
at 600°C for 5 h and sieved. 20 g of the ash were dis-
solved in 1 L of 0.1 M HCl. The suspension was stirred 
with a magnetic stirrer for 2 h, filtered with a Buchner 

filter, and washed with distilled water till a neutral reac-
tion. The ash was put in an oven and kept at 80°C until 
a constant mass was reached. Then it was transferred 
to a polytetrafluoroethylene oven and was heated with 
continuous stirring at 90°C for 1 h. After that it was fil-
tered. The filtrate obtained referred to a sodium silicate 
solution. It reacted with 1 M HCl under stirring until the 
medium pH reached a constant value of 7.0 and a gel was 
formed. Filtering with a Buchner funnel was applied to 
give hydrogel silica as a residue. The latter was washed 
with distilled water until a neutral pH value and dried 
in an oven at 80°C. The product obtained was further 
characterized by XRD study to identify silica crystalline 
structure and the results obtained were compared to those 
of Kiesel gel type 60 Merck serving as a standard.  FTIR 
spectroscopy was applied to determine the functional 
groups present in the synthesized product.

The adsorption experiments were carried out as 
follows. 1 mL of  0.00715 M NO3

- stock solution was 
added into 100 mL suspension containing 0.1 g gel silica 
in distilled water, and stirred continuously with a mag-
netic stirrer. The system pH value was kept constant at 
7.0 by adding H+ or OHˉ.  The concentrations of H+ and 
OHˉ were carefully noted for the proton stoichiometry 
measurement. Sample of 1 mL were taken at the equilib-
rium time of 30 min. The sample was centrifuged. The 
solution obtained was 100 times diluted. 1 mL of 1 M 
HCl was added as an indicator.  UV-Vis spectroscopy 
was then applied. The experiments were continued as the 
above mentioned procedures by adding another volume 
of 3 mL, 4 mL, 5 mL, 5 mL and 5 mL of the 0.00715 M 
NO3

- stock solution was added in the adsorption system, 
respectively. 

The other variables such like the temperature, the 
stirring duration, and the adsorbent mass were kept 
constant. The temperature of the experiments was kept 
equal to 25oC during the whole experiment.

RESULTS AND DISCUSSION
The X-Ray Diffraction (XRD) of sugarcane bagasse silica

The X-ray diffraction characterization shows 
amorphous silica obtained on the ground of  sugarcane 
baggase as illustrated by Fig. 1.

It is evident that the gel silica from the bagasse has 
a sloping peak at an angle of 2θ = 21.70. According to 
Kalapathy et al. [15], this sloping peak indicates that the 
bagasse structure is amorphous. 
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FTIR spectra of sugarcane bagasse silica
Fig. 2 presents the FTIR spectrum of sugarcane 

bagasse silica compared to that of Kiesel gel type 60 
Merck. Similar functional groups are identified in both 
spectra. This verifies that the synthesis carried out pro-
duced standard silica. Table 1 presents the functional 
groups of sugarcane bagasse silica compared to those of 
Kiesel gel 60. Table 1 shows that  the bagasse silica and 
Kiesel gel have similar functional groups. The absorp-
tion bands of both spectra are at very close wavenum-
bers. The peak at 3460.21 cm-1 indicates the presence 
of -OH functional groups of silanol. The wide peaks at 
3460.21 cm-1 can be attributed to -OH functional groups 
of water adsorbed by silica surface through hydrogen 

bonds. The absorption bands at 1094.90 cm-1 refer to 
the asymmetric stretching vibrations of -Si-O groups 
of siloxane, while the absorption bands at 797.82 cm-1 
are connected with the symmetry-shifting vibrations 
of -Si-O of siloxane. The presence of a band at 964.41 
cm-1 indicates the vibration of Si-O in the silanol group. 
The -OH group bending vibration of water molecules is 
outlined at 1641.25 cm-1, while the bending vibration of 
siloxane (Si-O-Si) groups are recorded at 466.63 cm-1 
[16]. In general, the functional groups of silica refer to 
silanol (Si-OH) and siloxane (Si-O-Si). The similarity 
of the absorption pattern of both samples indicates that 
the synthesis product on the ground of bagasse refers 
to silica meeting the standards of the commercial one. 

Fig. 1. An XRD diffractogram of gel silica from sugarcane bagasse.

Fig. 2. FTIR spectra of : (a) Kiesel gel 60 silica Merck; (b) gel silica from 
sugarcane bagasse.
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NO3
- adsorption equilibrium by gel silica at various 

sorbate concentrations
Fig. 3 illustrates the effect of nitrate ions concentra-

tion on their adsorption.  The graph presents the relation-
ship between the adsorption capacity of the gel silica 
adsorbent and the equilibrium concentration of NO3

-. 
Fig. 3 shows that the greater equilibrium concentration 
of NO3

- results in a greater amount of adsorbed NO3
-.

Isotherm model for the adsorption of NO3
- by gel silica

The experimental data obtained is modelled us-
ing the isotherm models of Langmuir, Freundlich, and 
Dubinin-Radushkevich. The Langmuir isotherm is 
presented by Eq.1: 

𝐶𝐶𝑒𝑒
𝑞𝑞𝑒𝑒

 = 1
𝐾𝐾𝐿𝐿 .𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚

 + 𝐶𝐶𝑒𝑒
𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚

  1 	                                 (1)

where qe is the amount of NO3
- adsorbed by one gram of 

silica (mol g-1), qmax is the monolayer capacity of silica (mol 
g-1), KL is the adsorption constant (L mol-1), while Ce  is the 
equilibrium  NO3

- concentration in the solution (mol L-1). 
The plot of Ce versus Ce/qe should be linear in accordance 
with Eq. 1. The experimental data obtained in this study 
do not fit well the Langmuir equation (Fig. 4) as indicated 
by very small value of the R, coefficient of correlation 
of 0.3565. This means that the adsorption of NO3

- does 
not result in monolayer coverage of silica surface. 

Table 1. Silica functional groups derived from the FTIR spectra recorded.

Functional Groups 

Wavenumbers (cm-1) 

Silica Kiesel 

Gel 60 Merck  

Gel Silica 

from 

synthesis 

Stretching vibration –OH from Si-OH 3464.15 3460.21 

Asymmetric stretching vibration of ≡Si-O on ≡Si-O-Si≡ 1095.57 1094.90 

Symmetrical stretching vibration of ≡Si-O from ≡Si-O-Si≡  802.39 797.82 

Bending vibration of –OH from water molecules 1643.35 1641.25 

Stretching vibration Si-O from Si-OH 972.12 964.41 

Bending vibration Si-O-Si 462.92 466.63 

 1 

Fig. 3. NO3 - adsorption by silica from bagasse at various adsorbate concentrations.
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The fitting of the experimental data to the Freundlich 
equation (Eq. 2) is carried out in correspondence with Eq. 2: 

log qe = log KF +  1/n log Ce	                                                   (2)

where KF and n are Freundlich adsorption isotherm 
constants. An illustration is presented in Fig. 5.

 Fig. 5 shows that the calculated line fits very well to 
the data. The value of the R refers to 0.983. This model 
indicates that the adsorption of NO3

- by silica tends to 
follow the assumption of the Freundlich equation, i.e. the 
surface of silica is heterogeneous, while the adsorption 
proceeds through the formation of multilayer coverage.

The Dubinin-Radushkevich isotherm model is de-
scribed by Eq. (3):

ln qe = ln qmax - βε2		           	                (3)

where ε is the value of [RT ln(1 +(1/Ce))], c is a constant 
related to the adsorption energy (mole2/kJ2), while qmax 

is the maximum adsorption capacity of silica (mole g-1). 
The plot of ε² versus ln qe (equation 3) should be linear.

 The average free energy of adsorption (E) is calcu-
lated on the ground of Eq. 4: 
E = (-2β)- 0,5	                                                         (4)

The value of E is used to determine the type of the 

Fig. 4. A poor fit of the experimental data to the Langmuir isotherm model.

Fig. 5. A good fit of the experimental data to Freundlich isotherm equation. 
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adsorption process. It proceeds through a cation ex-
change when the value obtained is between 8 kJ/mole 

and 16 kJ/mole, while physisorption takes place when it 
is less than 8 kJ/mole [17]. The parameters obtained by 
data modelling are listed in the Table 2. The formation 
of a complex does not follow the Langmuir model. It 
corresponds to the isoterm of Freundlich and Dubinin-
Radushkevich. The model fit is verified by the correla-
tion coefficient values obtained.  They refer to 0.983 and 
0.996  in case of Freundlich and Dubinin-Radushkevich 
models, correspondingly (Table 2). 

The value of n from the Freundlich isotherm equa-
tion indicates the adsorption intensity of the adsorbate 
in respect to the adsorbent. A greater than 1 shows that 
the adsorption runs perfectly. Raji and Anirudhan [18] 
report their finding that the value of n  higher than 1.00 
indicates that the adsorption of Cr (VI) by polyacryla-
mide proceeds through an anion exchange. The present 
study findas a value of n lower than 1.00, i.e. 0.917. 

This implicates that the bonds on silica surface are 
weak. However, it can not be stated that these bonds 
results from a physical adsorption. The analysis carried 
out with the application of the Dubinin-Radushkevich 
isotherm model provides finding the answer of this 
question. The energy value found with this equation 
application amounts to 5.607 kJ mol-1. It  indicates that 
the bonds between the nitrate anions and the gel silica 
can be attributed to physisorption [19]. The measurement 
of proton stoichiometry referring to the number of the 
protons (H+ ion) consumed or released by the system 
during the adsorption of NO3

- is conducted at pH of 
7.00. The value obtained is also used as a verification 
of the adsorption model investigated [20]. The proton 
stoichiometry found in this investigation is very small 
(3.9 x 10-9 mol of proton/mol of nitrate adsorbed). It 
supports the fact that the adsorption studied proceeds 
predominantly through a mass transfer which did not 
involve a significant number of protons. 

Fig. 6. A good fit of the experimental data to the Dubinin-Radushkevich equation. 

Isotherm adsorption 
parameters 

Langmuir Freundlich Dubinin-Radushkevich 

qmax (mole/g) -0.747 - 1.209 
KL (L/mole) -83.600 - - 

KF (L/g) - 0.0137 - 
1/n - 1.090 - 
N - 0.917 - 
R2 0.357 0.983 0.996 
R 0.597 0.991 0.998 

E (kJ/mole) - - 5.607 
 1 

Table 2. Isotherm adsorption parameters. 
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CONCLUSIONS
The silica obtained from sugarcane bagasse is amor-

phous and contains siloxane and silanol groups. The ad-
sorption experimental data fits very well to the Freundlich 
isotherm equation indicating the formation of multilayer 
coverage on the silica surface. The low value of the proton 
stoichimetry (c) indicates that adsorption process does 
not involve many protons. The energy involved in the 
adsorption process is calculated on the ground of the 
Dubinin-Radushkevich model. It is found equal to 5.61 
kJ/mole verifying that physical adsorption of nitrate ions 
proceeds on the surface of sugarcane bagasse silica.

REFERENCES
1.	 Muryanto, The Prospect of Integration of Cattle and  

Cane Crop on the Establishment of Sugar Factory in the 
Regency of Blora and Purbalingga, (Prospek Integrasi 
Ternak Sapi dan Tanaman Tebu dalam Rangka Pendirian 
Pabrik Gula di Kabupaten Blora dan Purbalingga), Balai 
Pengkajian Teknologi Pertanian Jawa Tengah, 2014.

2.	P. Worathanakul, W. Payubnop & A. Muangpet, 
Characterization for post-treatment effect of ba-
gasse ash for silica extraction. International Journal 
of Chemical, Molecular, Nuclear, Materials and 
Metallurgical Engineering, 3, 8, 2009, 398-400.

3.	 E. B. Hutabarat & A. Nikitasari, Synthesis of Aerogel 
Silica from Baggase Ash by the Method of Drying on 
Ambient Pressure using Co-Precursor Technique, (Sintesis 
Silika Aerogel Berbasis Abu Bagasse Dengan Metode 
Pengeringan Pada Tekanan Ambient Menggunakan 
Teknik Co-Precursor), Surabaya, FTI-ITS, 2009.

4.	S.M. Kanawade, R.W. Gaikwad, Removal of dyes 
from dye effluent by using sugarcane bagasse ash 
as an adsorbent. International Journal of Chemical 
Engineering and Application, 2, 3, 2011, 2-6.

5.	D. Meirawati, S. Wardhani, R.T. Tjahjanto, The Study 
of the effect of concentration of HCl and aging time 
to the synthesis of xerogel silica from bangka’s quartz 
sand, (studi pengaruh konsentrasi hcl dan waktu ag-
ing (pematangan gel) terhadap sintesis silika xerogel 
berbahan dasar pasir kuarsa Bangka), Kimia Student 
Journal, 2, 2, 2013, 524-531.

6.	S. Taslimah, N. Narsito, Synthesis of hybride amine-
silica from rice husk by sol-gel process, (Sintesis ba-
han hibrida amino-silika dari abu sekam padi melalui 
proses sol-gel), Journal Kimia Sains dan Aplikasi, 
VIII, 1, 2005, 8-9.

7.	D. Oktaviana, The Sorption of Nitrate Anion by Silica 
from Lapindo Mud,  (Sorpsi Anion Nitrat oleh Silika 
dari Lumpur Lapindo Termodifikasi Amino (I)), 
Yogyakarta, UNY, 2015.

8.	Wahyuni, The Adsorption of Nitrate Ions in the Liquid 
Waste of Fertilizer Industry by Dealuminated Zeolite, 
(Adsorpsi Ion Nitrat dalam Limbah Cair PT Pusri 
Oleh Zeolit Terdealuminasi), Semarang, Universitas 
Diponegoro, 2003.

9.	 N. Widomulyo, The Study of the Adsorption of NO3- 
Ions from Cd(NO3)2 by Rice Husk Ash and commer-
cial Charcoal on Various Concentration of SO4

2- from 
CdSO4 as the Competing Adsorbate Ions, (Studi 
Adsorpsi Ion NO3- dari Cd( NO3)2 oleh Adsorben Sekam 
Padi dan Arangnya Serta Arang Komersial dengan 
Variasi Konsentrasi Ion SO4

2- dari CdSO4 Sebagai Ion 
Pengganggu), Malang, Universitas Negeri Malang, 2007.

10.	G. Nunell, M. Fernandez, P. Bonelli, A. Cukierman, 
Conversion of biomass from an invasive species 
into activated carbons for removal of nitrate from 
wastewater, Biomass Bioenergy, 4, 44, 2012, 87-95. 

11.	 J. Ikhsan, B.B. Johnson, J.D. Wells, M.J. Angove, 
Adsorption of aspartic acid on kaolinite, J. Colloid 
Interface Sci., 273, 2004, 1-5.

12.	 J. Schick, P. Caullet, J. Paillaud, J. Patarin & C. 
Mangold-callarec, Microporous and mesoporous 
materials batch-wise nitrate removal from water 
on a surfactant-modified zeolite, Microporous 
Mesoporous Mater., 132, 3, 2010, 395-400.

13.	Z. Li, Use of surfactant-modified zeolite as fertil-
izer carriers to control nitrate release, Microporous 
Mesoporous Mater., 3, 61, 2003, 181-188.

14.	 J. Ikhsan, S. Sulastri, Sunarto, Adsorption kinetic 
and equilibrium of Ca(II) and Mg(II) onto sulfonate-
modified silica from sugarcane bagasse, Drug 
Invent. Today, 9, 3, 2017, 111-119.

15.	U. Kalapathy, A. Proctor, J. Shultz, An Improved 
method for production of silica from rice hull ash, 
Bioresour. Technol., 85, 2002, 285-289.

16.	S. Hardjono, Infrared Spectroscopy, (Spektroskopi 
Inframerah), Yogyakarta, Liberty, 1992.

17.	 A. El Nemr, A. Khaled, O. Abdelwahab, A. El Sikaily, 
Treatment of wastewater containing toxic chromium 
using new activated carbon developed from date palm 
seed, J. Hazard. Mater.,152, 2008, 263-275.

18.	 C. Raji, & T.S. Anirudhan, Batch Cr (VI) Removal 
by Polyacrylamide grafted Sawdust: Kinetics and 
Thermodynamics, Water Res., 32, 12, 1998, 3772-3780.

19.	X. Xu, B. Gao, Q. Yue, Q. Zhong, Preparation of 
agricultural by-product based anion exchanger and 
its utilization for nitrate and phosphate removal, 
Bioresour. Technol., 101, 22, 2010, 8558-8564. 

20.	 J. Ikhsan, B.B. Johnson, J.D. Wells, A Comparative 
study of the adsorption of transition metals on kao-
linite, J. Colloid Interface Sci., 217, 1999, 403-410.


	muka
	Scopus JCTM
	SJR
	JCTM sampul
	editorial board
	daftar isi
	(02)_Journal of Chemical Technology and Metallurgy_An Isotherm Model Of The Adsorption Of Nitrate Ions



