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Abstract. In view of the current application of modified materials in water treatment, the research status of 
nitrate removal from water by modified zeolite was summarized and analyzed. In this paper, several 
modification methods of zeolite are summarized, the adsorption mechanism is analyzed, the influencing 
factors of adsorption are discussed, the adsorption effect of modified zeolite is compared, and the study on 
the modification of zeolite is prospected. 

1 Introduction 

Zeolite is a skeleton structure with pore structure of the 
mineral, the skeleton structure for silicon oxygen 
structure and aluminum oxygen tetrahedron, silicon 
oxygen tetrahedron and aluminum oxygen tetrahedron 
connected by oxygen atoms, the formation of the pore, so 
zeolite has a large specific surface area. Zeolite due to its 
internal more pore can and cation exchange reaction and 
will not change the basic skeleton of zeolite, so zeolite 
and cation in the environment for better adsorption and 
ion exchange, widely used in water treatment[1].  

Natural zeolite porosity is not high, so its adsorption 
efficiency is very general. In order to improve the 
adsorption efficiency of zeolite, zeolite can be modified. 
In this paper, several modification methods of zeolite are 
summarized, the adsorption mechanism and factors 
affecting the adsorption effect are analyzed, the 
adsorption effect is compared and some modification 
methods that may improve the adsorption efficiency are 
proposed. 

2 Modified materials and characterizat
ion methods 

2.1 Zeolite loading/modified materials and steps 

Zeolite can be modified by organic molecules, for 
example, Wu， D.L[5] et al. modified NaY zeolite by 
using lanthanum and cetyltrimethylammonium bromide. 
Zeolite can also be loaded with inorganic substances on 
the surface. For example, Li, J[6]. et al. used Fe0-zeolite 
to treat nitrate pollution in water and make it attached to 
the surface of zeolite. The properties of loading materials 
were used to increase the adsorption capacity of modified 
zeolite on nitrate. Zeolite can also be modified by 

physical or chemical methods such as the use of 
ultrasonic wave, adding concentrated sulfuric acid, so 
that the internal structure of zeolite changes, thereby 
increasing the porosity of zeolite, to increase the amount 
of adsorption of zeolite. In recent years, with the 
deepening of the concept of low environmental load, 
sustainable development and circular economy, on the 
premise of guaranteeing the excellent performance of 
materials, the importance of its environmental 
friendliness and the realization of high value utilization 
of natural resources has become the research topic in the 
field of materials. Zeolite surface load, therefore, carbon 
as adsorbent to become a hot spot, researchers mostly 
using natural organic compounds as carbon sources, such 
as Teimouri [3] and so on use of Y type zeolite, chitosan 
and ZrO2 CTS/ZY/NanoZrO2nanocomposite for raw 
materials preparation. The specific load or modified 
materials and modification steps are shown in table 1. 
 
Table 1. Zeolite loading/modified materials and modification 

steps 
Loading/modified 

materials 
Modified steps 

Load HDTMA 

Determination of CEC (ion 
exchange capacity) of zeolite. 
The amount of Hexadecyl 
Trimethyl Ammonium Bromide 
(HDTMA) was modified into 
adsorbent by 150% of the CEC 
content of zeolite. First, 
hexadecyl trimethylammonium 
bromide was dissolved in a 
certain amount of water, then 
zeolite was added in proportion 
and stirred for 6 h at 30 ℃. After 
centrifugation, it was washed 3 
times, dried at 50 ℃, ground 
through a 40-mesh sieve, and 
sealed in bags for later use. 
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Concentrated 
sulfuric acid 
modification 

Zeolite modified with 3% 
concentration of concentrated 
sulfuric acid, modification time 
of 120 min, modification 
temperature of 60 ℃, with a 
thermostatic oscillator vibration, 
modification, after filtering out 
zeolite, with deionized water 
cleaning zeolite 2-3 times to 
neutral, drying standby. 

Supported 
chitosan 

Weighed a certain amount of 
zeolite, washed it with deionized 
water for several times, and put it 
in a 105 ℃ drying oven for 2 
hours before taking it out and 
putting it into a dryer for later 
use.5 g /L chitosan was dissolved 
in 2% acetic acid solution and 
prepared into chitosan acetic acid 
sol.40 g of dried zeolite 
molecular sieve was added to the 
chitosan acetic acid sol, and then 
put into a thermostatic oscillator, 
oscillated at 130 r /min at room 
temperature for 12h, and then 
taken out and dried in a vacuum 
drying oven (60℃) for 12h, to 
prepare chitosan-modified zeolite 
composite particles. 

Microwave 
modification 

Weigh 1 g of 100-mesh zeolite 
and add it into 10 mL of distilled 
water, microwave it for 10 min at 
700 W power, and dry it at 
105 ℃ for later use. 

Ultrasonic 
modification 

1 g of 100 mesh zeolite was 
weighed and added into 10 mL of 
distilled water. The zeolite was 
treated for 20 s under 100, 200, 
300 and 400 W ultrasonic power, 
respectively, and dried at 105 ℃ 
for later use 

2.2 Characterization method 

In order to analyze the modification effect of zeolite 
more accurately, some electronic equipment was used in 
the experiment to characterize the modified zeolite. Li, 
X.J.[2]Et al. used HDTMA to modify zeolite, and used 
Fourier transform infrared spectroscopy (FTIR) to 
characterize the modified zeolite, through the infrared 
spectrum analysis can be inferred that HDTMA 
successfully loaded onto the zeolite. Teimouri[3]Scanning 
electron microscopy (SEM) was used to analyze the 
surface and cross section of the adsorbent prepared by 
CTS/ZY/Nano ZrO2 nanocomposite. The size and shape 
of the adsorbent were observed. The surface 
characteristics of the modified zeolite before and after 
adsorption could be clearly observed by scanning 
electron microscopy. In addition, the modified zeolite can 
be characterized by BET surface area analysis (BET), 
X-ray diffraction (XRD) analysis of the internal crystal 

structure of the adsorbent, energy dispersive 
spectroscopy (EDS) analysis of the content of each 
element, etc. 

3 Adsorption mechanism and influenc
ing factors of nitrate adsorption by m
odified zeolite 

3.1 Study on adsorption mechanism 

3.1.1 Adsorption kinetics.  

There are two kinds of adsorption kinetics models 
commonly used in water treatment, which are the 
quasi-first-order kinetics model and the 
quasi-second-order kinetics model respectively. Through 
the analysis and study of adsorption kinetics, the 
adsorption rate of adsorption kinetics can be estimated, 
and the reaction mechanism can be deduced, and then the 
appropriate adsorption kinetics model can be established. 
The adsorption equilibrium time of nitrate can be 
obtained by measuring the adsorption amount of nitrate 
by adsorbent under different adsorption time conditions, 
and then the adsorption kinetic curve can be obtained. 
Test dynamic model which are frequently used in the 
accurate first order kinetics model and quasi secondary 
dynamics model, the accurate first order kinetics model 
is put forward by Lagergren, is to assume that the 
adsorption reaction is affected by diffusion (physical 
adsorption), the adsorption rate of reaction and 
adsorption equilibrium adsorption capacity and 
adsorption in t time is proportional to the amount of 
liquid is used to indicate a solid phase adsorption process. 
The quasi-second-order kinetic model, developed by Ho 
and McKay, assumes that the adsorption rate is 
controlled by chemisorption and involves electron 
transfer or electron sharing between the adsorbate and 
the adsorbent. During the test, the modified zeolite was 
added into the nitrate solution, the pH value of the 
system was adjusted, and the zeolite was oscillated in a 
constant temperature shaking table. The sample was 
taken every once in a while. After standing, the mass 
concentration of nitrate in the filtrate was determined by 
filtration membrane. The quasi-first-order and 
quasi-second-order dynamics models were used to fit the 
test data. Teimouri[3]Zeolite Y, chitosan and ZrO2 were 
used CTS/ZY/Nano ZrO2 was prepared for raw materials, 
Nanocomposite was obtained that the adsorption process 
of nitrate was in line with the second-order kinetic model, 
indicating that the adsorption was mainly chemisorption, 
because the active functional groups such as amino group 
and hydroxyl group in the molecular structure of the 
loaded chitosan were connected with the nitrate in the 
water by chemical bond during adsorption. Wu, D.L[5]Et 
al. modified NaY zeolite with lanthanum and 
cetyltrimethylammonium bromide, and the adsorption 
process was in line with the second-order kinetic model. 
This shows that zeolite modified with chemical 
adsorption is given priority to, more additional zeolite 
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itself to cation adsorption, adsorption of anionic ability is 
poorer, modified adsorption ability stronger illustrates the 
main adsorption materials mainly load up (form chemical 
bonds), it also confirms the adsorption process conforms 
to the level 2 dynamic model is the result of chemical 
adsorption. 

3.1.2 Study on adsorption isotherm.  

Adsorption isotherm refers to the relationship between 
the adsorption equilibrium concentration of adsorbents in 
solution and the adsorption amount of adsorbents under 
certain temperature conditions. Langmuir adsorption 
isotherm model and Freundlich adsorption isotherm 
model are relatively common adsorption isotherm 
models. The experimental data obtained in the adsorption 
test were fitted through Langmuir adsorption isotherm 
model and Freundlich adsorption isotherm model 
respectively, and then the appropriate adsorption 
isotherm model was obtained. The Langmuir adsorption 
isotherm model assumes that the surface of the adsorbent 
is uniform and the adsorption is monolayer, and there is 
no interaction between the adsorbed molecules. The 
Freundlich adsorption isotherm model assumes that the 
adsorption sites increase exponentially with the increase 
of temperature. It is used to describe that the surface of 
the adsorbent is not uniform and the adsorption is 
multi-layer at the same time.  During the operation, the 
modified zeolite will be weighed, and nitrate solutions 
with different mass concentration gradients will be added 
to adjust the solution to the optimal pH value for 
adsorption. The mixed solution will oscillate in the 
thermostat. After the oscillation, the mass solubility of 
nitrate in the filtrate will be measured by filtration 
membrane. The nitrate adsorption capacity per unit mass 
of adsorbent was calculated and plotted. The data were 
fitted by Langmuir and Freundlich models respectively.  
Wu, D.L [5]Et al. modified NaY zeolite with lanthanum 
and cetyltrimethylammonium bromide, and the 
adsorption equilibrium process of modified zeolite for 
nitrate was more consistent with Langmuir model (R2Is 
0.9988), the same as this conclusion Teimouri[3]The 
adsorption equilibrium process of CTS/ Zy /Nano ZrO2 
nanocomposite prepared by et al also fits Langmuir 
model, indicating that the adsorption of nitrate by 
modified zeolite is mostly monolayer adsorption. 

3.2 Study on adsorption influencing factors 

In order to study the influencing factors of adsorption, a 
static adsorption test is needed. The static adsorption test 
includes the influence of adsorbent dosage, adsorption 
time, adsorption temperature and adsorption pH value on 
the adsorption effect. Cheng, T [4]Zeolite modified by 
concentrated sulfuric acid was used to adsorb and 
remove nitrate in water. The optimal adsorption 
conditions were as follows: adsorbent dosage of 1 g, 
adsorption time of 2 h, adsorption temperature of 55 ℃ 
and pH value of 6. Teimouri[3]Zeolite Y, chitosan and 
ZrO2 were used CTS/ZY/Nano ZrO2 was prepared for 

raw materials. The optimum adsorption conditions of 
nanocomposite were as follows: dosage of 0.02 g, 
adsorption time 1 h, adsorption temperature 35 ℃, pH 3. 
Comparing the best adsorption conditions of several 
modified zeolite, it is found that the adsorption dosage, 
adsorption time and adsorption temperature are greatly 
different, although the pH value is acidic but the specific 
value is still different, so the best adsorption conditions 
for each modified zeolite need to be obtained through 
specific tests and there is no unified range. 

4 Study on the adsorption effect of 
modified zeolite on nitrate 

The adsorption effect of modified zeolite is the key to 
evaluate the quality of adsorbents. Li, J [6]The results 
show that when the concentration of nitrate in water is 40 
mg/L, the removal rate of nitrate is about 63%. 
Teimouri[3]The adsorption effect of CTS/ZY/Nano ZrO2 
nanocomposite prepared by et al on nitrate is as follows: 
when the nitrate concentration is 20 mg/L , the removal 
rate can reach 40.28% . Yu, H.Y. [14] et al. modified 
zeolite by microwave, and the nitrate adsorption rate of 
zeolite increased from 83% to 90% before and after 
microwave modification. They also modified zeolite by 
ultrasonic wave, and the nitrate adsorption rate of the 
modified zeolite was also improved. 

Because the initial concentration of nitrate in the test 
of each modified zeolite is different, the excellent 
adsorption effect of each modified zeolite is difficult to 
be directly compared. Therefore, if you want to compare 
the adsorption effect of two kinds of adsorbents, you 
need to give the initial concentration of nitrate first, and 
then compare. 

At present about experimental study of modified 
zeolite to remove nitrate in water is less, the modification 
methods of zeolite has been greatly the research of space, 
for example, you can try to load again after zeolite acid 
to increase the porosity chitosan methods to further 
increase the adsorption quantity, or try to load by certain 
proportion of two different materials, or try again other 
materials on the market for the load. Nowadays, 
scientific research workers generally pay attention to the 
best adsorption capacity of zeolite in the adsorption 
process. There are still few studies on whether the zeolite 
material can be physically regenerated or chemically 
regenerated, and how to improve the removal rate of 
pollutants by hydrogel. 

Zeolite itself is a relatively cheap mineral material, 
modified zeolite adsorption materials prepared by 
modification has a good adsorption performance to 
pollutants, in the field of water treatment has a broad 
application prospect. However, most of the studies on the 
preparation and application of such modified zeolite 
adsorption materials are still in the stage of basic 
development in the laboratory, and many factors need to 
be considered in the future to promote and apply them in 
the actual industrial water treatment process. 
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5 Conclusion 

The modification methods of zeolite can be divided into 
loading other materials and physical or chemical 
modification. After modification, zeolite can be 
characterized by SEM, FTIR, BET and other methods, 
and the optimal adsorption conditions can be determined 
by static adsorption test. The adsorption process of 
nitrate by modified zeolite conforms to the second-order 
kinetics and Langmuir adsorption isotherm, that is, 
chemisorption and monolayer adsorption are the main 
processes. As an adsorbent, modified zeolite has a good 
adsorption performance to pollutants, and has a broad 
application prospect in removing nitrate from water. At 
present, most of the research is in the laboratory test 
stage, and there is still a long way to popularize it and 
apply it to the actual water plant. 
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