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ABSTRACT

The present study was conducted to evaluate the possibility of using natural Japanese zeolite for ammonium nitrogen
(NH4*-N) removal from water sources. Batch experiments were performed under several reaction conditions such as
zeolite type, particle size, adsorbent dosage, pretreatment, initial ammonium concentration, contact time, stirring speed,
temperature, coexistence of cations, flow dynamic and flow rate. For the micro-polluted source water whose ammonium
(NHg*) concentration was 10 mg-N/L, the effluent concentration can reach below 1 mg-N/L within 5 minutes, and the
removal efficiency can reach 94.6%. The NHs* conc. range of 0~50 mg-N/L, under any initial conditions can be quickly
removed by 0.5 g zeolite in a short time, and most of the NH+*-N can be adsorbed and removed by zeolite within 5 min.
NHy#* removal capacity per unit mass of zeolite increases as the initial concentration increases. The zeolite adsorption
capacity of NH4*-N was in the range of 2.4~22 ml/min. The adsorptive capacity of zeolite in the retention column
(9.72~11.73 mg-N/g-zeolite) was far greater than the adsorption capacity of zeolite under static conditions (only 1.59
mg-N/g-zeolite). The obtained adsorption data of NH4*-N by clinoptilolite is in good agreement with isotherm models.
Regeneration cycles (desorption efficiency of NH4* adsorption on zeolite was almost 100%) for natural zeolite was also
determined. This study can be used to build a low-cost multi-stage parataxis mini adsorption column system for
continuous removal of low-concentration ammonia.
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INTRODUCTION

Nitrogenous compounds in wastewater are of significant concern due to their undesirable effects on the
environment. Release of excessive wastewater nutrients in the form of ammonia into surface water is a
root cause of many environmental problems such as eutrophication, corrosion and fouling [1, 2]. The
main sources of ammonium contamination are from coke firing stations, tanneries, food processing,
fertilizer manufacturing, slaughter houses, industrial waste, domestic wastewater, landfill leachate, and
agricultural runoff [3-5]. Excess levels of ammonia in the drinking water cause potential health risks [6]
like methemoglobinemia or blue baby syndrome, formation of carcinogens in stomach and other organs
[7]. Ammonia can dissociate into ionized ammonium (NH4*) in water. However, it is only the non-ionized
ammonia (NH3) that is toxic to aquatic life. NH4*, even a few parts-per-million in oxygen-poor
environments may cause toxicity to aquatic animals and ecosystems [8-10]. It can cause gill damage,
hyperplasia, and substantial reduction in growth rates [11]. Rising industrialization in countries has
instigated regulators to set stricter limits on the ammonia content in wastewater. The maximum limit of
ammonia set by the European Association for drinking water is around 0.5 mg 1-! and also a guide level is
setas 0.05mgl-1[12, 13].
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Various ammonium treatment technologies su ch as air stripping, breakpoint chlorination, reverse
osmosis, ion exchange, biological denitrification and chemical reduction processes [7, 14]. Technologies
like reverse osmosis and ion exchange are rather expensive and may produce brine water [10, 15].
Though biological denitrification is most effective but hard to maintain and operate [16], during the
condition when the effluent ammonium concentration shock load and unacceptable peak appear [17]. The
ion exchange method usually employs organic resins, which are very selective and expensive [18, 19].
There is a strong need for technologies that can provide short contact time, low energy consumption, easy
operation, economic and environmental friendly for removal of ammonia from wastewater.

Ion exchange with natural zeolites is more competitive due to its low cost and relative simplicity of
application and operation [20]. Natural zeolites are the most important inorganic cation exchangers that
exhibit high ion exchange capacity, selectivity and compatibility with the natural environment [21].
Zeolites are crystalline, hydrated aluminosilicates of alkali and earth metals that possess infinite, three-
dimensional crystal structures. They are further categorized by a capability to lose and gain water
reversibly and to exchange some of their constituent elements without major change in structure
[22].The discovery of natural zeolite deposits has lead to an increasing use of these minerals for the
purpose of eliminating, or at least reducing, many long standing pollution problems [8]. Zeolite
adsorption process is the most suitable for use in the in situ treatment of ammonium nitrogen (NH4*-N)
contaminated groundwater as they can be easily injected, dispersed and transported in groundwater and
soil. The ammonium ion uptake behavior of zeolite is connected to the processes of ion exchange [23].
Clinoptilolite, a naturally occurring zeolite is an abundant natural zeolite found in igneous, sedimentary
and metamorphic deposits in the form of aluminosilicate minerals with high cation-exchange capacity
[19, 21, 24]. It has a two-dimensional channel system that allows the mineral to act as a molecular sieve
[25, 26]. Clinoptilolite shows a highly selective capacity of adsorption towards NH4*, and is very effective
in removing ammonia from water by means of its excellent ion exchange capacity [27].

Zeolite is a natural adsorbent material and ion exchange material that has been widely used in water
treatment [28]. In the past two decades, the research on zeolite in the field of water pollution control has
been deepened, and the engineering application of zeolite in water treatment has been continuously
expanded. The applications and potential applications of both synthetic and natural zeolites vary based
on their primary physical and chemical properties. These properties are in turn linked directly to the
chemical composition and crystal structure of specific species [29]. The main objective of this present
study is to evaluate the in-depth adsorption capacity of Japanese natural zeolite (Clinoptilolite) for
ammonianitrogen. Experiments were investigated to determine the kinetic and adsorption isotherms
with respect to coexisting metal cations on zeolite. In addition, NaCl regeneration performance was
performed to obtain the relevant parameters.

MATERIAL AND METHODS

Zeolite raw materials

The experiment was carried out using the clinoptilolite provided by Japan Zeolite Co., Ltd, Japan. The
zeolite sample was pulverized and sieved to various types of required particle size (such as <0.08mm,
0.55~1.30mm and 2~4mm, etc.) and washed with water to remove water-soluble impurities and other
unwanted substances. Then dried at 100+5 °C. The various physical properties and chemical
compositions of zeolites are shown in Tables 1.

Influent composition

Simulated water distribution was used in this experiment. Ammonium standard stock solution: Weigh
3.819 g of ammonium chloride (NH4C1) that has been pulverized, sieved, washed with water and dried at
10045 °C. It was transferred to a 1000 ml volumetric flask and diluted to the mark with water. This
solution NH4+-N conc. was 1000 mg/L. Simulated NH4*-N water distribution: Pipette 5.00 ml of
ammonium standard stock solution into a 500 ml volumetric flask and dilute to the mark with water. The
solution NH4*-N conc. was 10 mg/L.

Analytical Methods

The measurement of NH4*-N was carried out by the DR/2400 portable spectrophotometer method No.
8038-Nessler method, and the measurement range was water, wastewater, seawater, etc. with a conc. of
0.02 to 2.50 mg/L NH3-N. The measurement of the metal cations was carried out using an ion
chromatography IC and ICP-MS (Wellthy Corporation, Tokyo, Japan).
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TABLE1: PHYSICAL PROPERTIES OF CLINOPTILOLITE.

Value Value
Cation Exchange Capacity 1.957meq/g | Hardness 5~6
Specificsurfacearea 18m2/g pH (mzeolite/ Mn20=1) 6.8
Molar Ratio (Si02/Al203) 10 Purity 79.0%
Aperture o Proportion 2.8 (true weight)
(dry state) 4.0x4.5 A 1.0 (visible weight)
(wet state) o

4,0x9.2 A C.E.C. theoreticalvalue | 2.6

(dehydrated Na-Type)

cation selectivity sequence Ca>Rb>K>NH4*>Baz>Sr2>Na>Caz>Fes>Als>Mg2>Li

CHEMICAL COMPOSITION OF CLINOPTILOLITE

Composition | Specific gravity (wt. %) | Composition | Specific gravity (wt. %)
SiO; 69.67 MgO 1.60

Al;0s 12.15 K20 3.73

Fe 03 1.07 Na,0 3.52

TiO; 0.13 Ig, loss 7.59

Ca0 0.65 Composition

Formula : Nas[A163i3oO72]'24H20
RESULT AND DISCUSSION

Batch process on ammonia nitrogen removal by zeolite
Initial study on denitrification performance of zeolite
0.5 g of clinoptilolite with a particle size of <0.08 mm pretreated (screened, washed and dried) was
placed in a glass beaker with an NH4*-N concentration of 10mg-N/L (50 ml NH4Cl simulated water), and
then the beaker was placed on a stirrer at about 20 °C. Water sample was taken every 5 minutes, filtered
with a membrane with a pore size of 0.45 pm. NH4*-N conc. was measured.
It can be seen from Table 2a that the NH4*-N conc. in the effluent rapidly dropped from 10 mg-N/L to 0.54
mg-N/L within 5 min, and then slowly declined. At this time, the zeolite has adsorbed NH4*-N to
saturation, and the ion exchange approached equilibrium. It exhibited that the zeolite has a good rapid
adsorption and removal effect on the low NH4*-N conc. in aqueous solution.

TABLE2: BATCH EXPERIMENTS: NH4* REMOVAL BY CLINOPTILOLITE (<0.08MM).

Time (min.) 0 5 10 20 30 40 60
Conc. (mg-L-Y 10 1054 (032 |030 |029 |0.28 |0.27
Remov. Efficiency(%) | 0 946 |968 |970 |971 |972 |973

EFFECTS OF ZEOLITE TYPE AND PARTICLE SIZE ON NH4* REMOVAL.

Time (min) NH4*-N conc. in effluent (mg-N-L-1)
Clinoptilolite Clinoptilolite Mordenite Mordenite
2~4mm <0.08mm 2~4mm <0.08mm

0 10 10 10 10

10 3.05 0.21 3.60 027

20 2.35 0.19 2.50 022

40 1.60 0.18 1.85 0.21

60 0.72 0.18 0.43 0.20

EFFECTS OF ZEOLITE TYPE AND PARTICLE SIZE ON THE CAPACITY OF ADSORBING NH4*.

Clinoptilolite | Clinoptilolite | Mordenite Mordenite
2~4mm <0.08mm 2~4mm <0.08mm
RawwaterCo(mg-N-L-1) 10 10 10 10
Treated waterCe(mg-N-L1) | 4.0 0.79 4.5 0.84
Qe (mg-N-(g-zeolite)! 1.20 1.84 1.10 1.83

3.1.2. Effect of zeolite type and particle size on isothermal exchange of NH4*-N

Pretreated zeolite (4 types: clinoptilolite with a particle size <0.08 mm and 2~4 mm, mordenite with
particle size <0.08 mm and 2~4 mm). 2 g of each zeolites were placed in a beaker with an NH4*-N
concentration of 10 mg-N/L (100 ml NH4Cl simulated water). Stirred with a magnetic stirrer at about 20
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°C. Water sample was taken at regular intervals, filtered with a membrane with a pore size of 0.45 pm.
NH4*-N Conc. was measured. Similar to the above experiment, 0.5 g of each of the four types of zeolites
was placed in 100 ml of NH4Cl simulated water (with an initial NH4*-N concentration of 10 mg-N/L).
Stirred at about 20 °C for about 40 h to ensure sufficient reaction time. The effluent was filtered with a
membrane with a pore size of 0.45 um. NH4*-N Conc. was measured to determine the zeolite type and
particle size impact.

The results for 2 g of zeolite are shown in Table 2b. The order of zeolite adsorption to remove NH4*-N was
[<0.08 mm clinoptilolite] ~ [<0.08 mm mordenite] >> [2~4 mm clinoptilolite] = [2-4 mm mordenite]. The
amount increases significantly with the decrease of zeolite particle size. For zeolite with a particle size
<0.08 mm, more than 90% of NH4*-N can be removed with in 10 min. whereas, for particle size 2~4 mm
zeolite removal for NH4*-N was relatively slow, and it took about 1 h to increase the removal efficiency to
over 90%. The clinoptilolite and mordenite at the same particle size have comparable removal effects,
and the clinoptilolite has a slight advantage. This may be due to the fact that the exchangeable cations in
the small particle size zeolite are easily ion exchanged with NH4* in the solution.

The results for 0.5 g of zeolite obtained in the experiment are shown in Table 2c. According to the results,
the adsorption capacity of zeolite for NH4+*-N was [<0.08 mm clinoptilolite] = [<0.08 mm mordenite] >>
[2~4 mm clinoptilolite] = [2-4 mm mordenite]. The maximum was <0.08 mm clinoptilolite corresponding
to 1.84 mg-N/(g-zeolite). It showed smaller the particle size faster the adsorption of NH4*-N as the
specific surface area of the zeolite increases significantly with the decrease in the particle size. Small
particle zeolite can have better mixing and contact with the matrix in the solution to achieve efficient
adsorption [30].

Effect of pretreatment on zeolite structure and NH4*-N exchange capacity

12 g of washed and dried clinoptilolite (particle size 2 to 4 mm) and mordenite (2 to 4 mm) were placed
in a beaker having 200 ml of RO water, 2 mol/L of NaCl solution and 2 mol/L of hydrochloric acid,
respectively. After immersing for 24 h, the solid zeolite was separated from the solution (effect of Cl- ions
washed away) and dried at room temp.

It can be seen from Table 3a that only Na*and a small amount of K* ions are dissolved in the RO aqueous
solution, which may be due to the ion exchange between these cations in the zeolite and the H* generated
by the electrolysis of water molecules. While in the 2 mol/L hydrochloric acid solution a large amount of
metal cations were dissolved, and the order of solubility according to their concentration was
AB+>Mg2+>Na+=K*>Ca%*> Fer. Among them, Al3* ion was the most influential. A3+ ion dissolves very
little in RO water, but dissolves in a large amount in HCl solution [31].

TABLE3: (A)CONCENTRATIONS OF DISSOLVED METAL CATIONS OF ZEOLITE IN 2 mol/L HYDROCHLORIC
ACID (HCI) AND RO WATER (H.0).

Clinoptilolite | HCI H20
mg/L mg/gzeolite | meq/gzeolite mg/L mg/g zeolite meq/gzeolite
Na+ 206 3.43 0.15 41.5 0.69 0.030
K+ 355 5.92 0.15 7.0 0.12 0.003
Caz+ 68 1.13 0.056 3.0 0.05 0.0025
Mg2+ 136 2.27 0.189 4.0 0.067 0.0056
Al3+ 250 4.17 0.463 0.2 0.003 --
Fe 37 0.62 0.011 0.3 0.005 --
Mordenite HCl H20
mg/L mg/gzeolite | meq/gzeolite mg/L mg/gzeolite meq/gzeolite
Na+ 633 10.55 0.459 16 0.267 0.012
K+ 527 8.78 0.225 1.0 0.017 --
Caz+ - - - - - -
Mg?2+ 82 1.37 0.114 -- -- --
Al3+ 320 5.33 0.592 -- -- --
Fe 180 3.00 0.054 -- -- --
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(B)THE CONCENTRATIONS OF DISSOLVED METAL CATIONS OF CLINOPTILOLITE AND MORDENITE
AFTER PRETREATMENT IN 2mol/L SODIUM CHLORIDE (NaCl).

NaCl 2M Clinoptilolite Mordenite
mg/L mg/gzeolite meq/gzeolite mg/L mg/gzeolite meq/gzeolite
K+ 431 7.18 0.18 427 7.12 0.18
Caz+ 537 8.95 0.45 107 1.78 0.09
Mg2+ 69 1.15 0.096 -- -- --
Al3+ - - - - - -
Fe -- -- -- -- -- --

It can be seen from Table 3b that after treatment with 2 mol/L NaCl solution, the K* and Ca?* ions in the
zeolite, especially the clinoptilolite, are dissolved into the solution in large quantities. This was due to the
high conc. of Na* ions in the solution. Under the driving force of concentration gradient, a large amount of
K* and Ca?* ions in the zeolite are ion exchanged with the high conc. of Na* ions in the solution i.e. a large
amount of K* and Ca2* ions in the zeolite are replaced by Na* ions, that have the weakest connection with
the parent crystal frame structure and are mostly replaced. But Al3* and Fe are completely fixed in the
zeolite structure without being affected. Therefore, it is beneficial to the subsequent ion exchange
removal process of NH4*-N. In short, K*, Na*, Ca2* and Mg?* ions are exchangeable active ions. Al3* and Fe
are the basic framework and composition of the zeolite structure.

0.5 g of each of the pre-treated zeolite samples was placed in 50 ml of a NH4Cl solution having an initial
conc. of 20 mg-N/L. Stirred with a magnetic stirrer, sampled at regular intervals, and filtered through a
0.45 pym membrane and NH4*-N concentration was determined. According to the experimental data, the
plot is shown in Fig. 1. Zeolite pretreated by 2 mol/L NaCl solution had better performance in the
exchange and adsorption of NH4*-N. This was due to the large amount of K* and Ca2* ions in the zeolite
being replaced by the high concentration of Na* ions in the solution. The Na* ion, which had a weak
binding force to the parent structure, was easily replaced by NH4* to achieve the effect of exchange
adsorption to remove ammonia nitrogen [27, 32-34].
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Figure 1 Effects of pretreatment on NH4* removal by zeolite: (a)- (b)Clinoptilite, and (c)-(d)Mordenite.
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Effect of initial NH4*-N conc. on static exchange capacity of zeolite

A sufficient contact reaction time was given under static conditions to determine the effect of the initial
NH4*-N conc. on the zeolite exchange adsorption. 0.5 g of zeolite with a particle size of <0.08 mm was
placed in 100 ml of NH4Cl simulated water (with an initial NH4*-N conc. ranging from 10 to 60 mg-N/L),
and allowed to stand for more than 24 hours. Sampled and filtered with a membrane having a pore size of
0.45 um.

When the initial NH4*-N conc. was low (10 mg-N/L), the removal efficiency can reach more than 90%
even under static conditions. As a small amount of NH4*-N had a competitive effect on the exchangeable
active sites on the zeolite surface. However, the diffusion inhibition of a small part of ammonia nitrogen
molecules caused by the standing solution is compensated by sufficient contact time. As the initial
concentration increases, the removal efficiency shows a downward trend due to the membrane diffusion
of a large number of ammonia nitrogen molecules and ions. The internal diffusion of particles are
restricted as the high concentration ammonia nitrogen solution was left standing. Subsequent supply of
ion exchange on the particle surface was insufficient. Therefore, the ammonia nitrogen adsorbed on the
zeolite at equilibrium was relatively small with the ammonia nitrogen in the aqueous solution. The higher
the ammonia nitrogen concentration in the solution, the more obvious the inhibition phenomenon. The
NH4* removal capacity per unit mass of zeolite increases as the initial concentration increases. This was
due to the high conc. of NH4*-N solution. The ion exchange driving force was larger and the relative
adsorption quantity was high.

Effect of initial NH*-N conc. and contact time on zeolite isothermal exchange

0.5 g of zeolite with a particle size of <0.08 mm was placed in 50 ml of NH4CI water with a conc. ranging
from 10 to 50 mg-N/L. Stirred at a constant temperature of 20 °C, and samples were taken at regular
intervals. After filtration using a membrane with pore size of 0.45 um, the concentration was measured.

It can be seen from Fig. 2 in the conc. range of 0~50 mg-N/L, NH4* under any initial conditions can be
quickly removed by 0.5 g zeolite in a short time, and most of the NH4*-N can be adsorbed and removed by
zeolite within 5 min. When the initial conc. was 5~15 mg-N/L, 20~25 mg-N/L and 50 mg-N/L,
respectively. The equilibrium can be reached within 5 min, 10 min and 20 min, respectively.

After that, the removal efficiency showed a slow upward trend with the extension of the contact time due
to the rapid diffusion of the matrix in the solution to the surface of the zeolite and then the rapid diffusion
of the matrix in the internal structure of the zeolite to achieve adsorption equilibrium [35, 36]. The
driving force of the concentration of ammonia nitrogen adsorbed by the zeolite in the solution was also
beneficial for the smooth progress of ion exchange until the adsorption reaches equilibrium.

It can also be seen from Fig. 2 that the lower the initial NH4* conc., the shorter the time required to reach
equilibrium between the two phases. Higher the initial NH4* conc., longer the equilibrium time. But larger
the capacity of adsorbing NH4*-N, as high concentration of ammonia nitrogen molecules and ions compete
more strongly for the active site on the zeolite. So the longer it takes to reach equilibrium. However, the
ion exchangeability and adsorption performance of the zeolite can be fully utilized. For the micro-polluted
source water whose NH4* concentration is 10 mg-N/L, the effluent concentration can reach below 1 mg-
N/L within 5 minutes, and the removal efficiency can reach 94.6%.
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Figure 2Effect of contact time and initial conc. on the exchange of NH4* onto clinoptilolite (T, 20°C)
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Effect of static and flow dynamic conditions on the NH*-N exchange capacity of zeolite

In order to further understand the difference between static and flow dynamic conditions on the capacity
of zeolite to exchange and adsorb NH4*-N. The static intermittent adsorption experiments under different
initial concentration and different flow rates in the flow column were performed, respectively. Static
adsorption experiment: 0.5 g of clinoptilolite with a particle size of 0.55~1.30 mm (washed and dried)
was added to 50 ml of NH4Cl (with an initial NH4*-N conc. of 10~100 mg-N/L), and allowed to stand for
40 h. The liquid phase was filtered through a 0.45 pum membrane and the NH4*-N conc. was measured.
Dynamic experiment of zeolite adsorption in a flow column: 10 g of clinoptilolite with a particle size of
0.55~1.30 mm was added to a flow column with an inner diameter of 13 mm and a length of about 300
mm. NH4Cl solution having a conc. of 20 mg-N/L was passed. The flow rates were 2.4 ml/min, 10.8
ml/min and 22 ml/min, respectively. The conc. of NH4*-N in the effluent was measured. The obtained data
was compiled into Fig. 3.

It can be obtained from the above static adsorption experiment that the adsorption capacity of the zeolite
to adsorb NH4*-N increases with the increase of the initial NH4*-N conc. The main reason was the strong
driving force of the conc. gradient caused by the high conc. of NH4*-N solution. Therefore, the adsorption
capacity of the zeolite was relatively large. However, the NH4*-N removal efficiency under the above
stirring conditions was low, and it was not easy to effectively diffuse NH4* and contact with the
exchangeable cations in the zeolite. When the initial conc. was 20 mg-N/L, the adsorption capacity was
1.59 mg-N/g-zeolite. The zeolite adsorption capacity of NH4*-N was in the range of 2.4~22 ml/min. As the
flow velocity increases, it decreases slightly. This is due to the low flow rate. If the contact time was
sufficient, the relative adsorption capacity will be large. However, the difference was not large. During the
membrane diffusion process, the exchange rate between zeolite and the cation NH4* in the aqueous
solution increases with the increase of the solution flow rate. So the influence of the flow rate on the
exchange adsorption was more complicated.

12
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Figure 3. Results of NH4* removal by zeolite in columns

However, compared with the above-mentioned static adsorption and the amount of NH4*-N adsorbed by
the zeolite in the flow column. It can be seen that the adsorption capacity of zeolite in the retention
column (9.72~11.73 mg-N/g-zeolite) was far greater than the adsorption capacity of zeolite under static
conditions (Only 1.59 mg-N/g-zeolite). This was due to the conc. of zeolite contact solution was always
close to 20 mg-N/L during dynamic adsorption in the flow column. However, under static conditions, with
the increasing adsorption capacity, the concentration of ammonia nitrogen in the surrounding
environment exhibited a downward trend. The driving force of ammonia nitrogen concentration was
relatively smaller than that of dynamic conditions. On the other hand, under dynamic adsorption
conditions, metal cations such as Na*, K*, Mg2+, and so on replaced from zeolite can be quickly taken out of
the system with the water flow. This was beneficial to the smooth progress of the ion exchange reaction in
the direction of removing ammonia nitrogen. In addition, dynamic flow adsorption is also beneficial for
the membrane diffusion process of NHs*ions in solution moving to the zeolite. Therefore, the exchange
rate between zeolite and cation NH4* in the aqueous solution increases significantly with the flow of the
solution. The amount of NH4* adsorbed by zeolite was also significantly improved.

Effect of temp. on the exchange capacity of zeolite

In order to determine the effect of temp. on the exchange capacity of zeolite for NH4*-N. 0.5 g of zeolite
having a particle size of <0.08 mm was placed in a concentration of 50ml of NH4Cl mixed water with a
concentration ranging from 10 to 50 mg-N/L and placed on a magnetic stirrer for batch experiments.

ABR Vol 12 [4] July 2021 78|Page © 2021 Society of Education, India



Salma Tabassum

Temperature water bath at 10, 20, 30, 40 and 50 °C, respectively. Samples are taken at regular intervals,
and the concentration was determined after filtered through a membrane with a pore size of 0.45 pm.
From the perspective of thermodynamics, since the ion exchange process of zeolite adsorption of NH4*-N
is an exothermic process. So, low temperature is good for ion exchange reaction. However, higher the
temperature, the larger the molecular thermal energy. Higher the molecular activity, that is more
conducive to diffusion and ion exchange reaction. Therefore, it was necessary to choose a suitable
temperature to achieve the best effect. As, the zeolite structure is different, the temperature affected it
differently. In this experiment, regardless of the initial conc. of 25 mg-N/L or 50 mg-N/L, the temperature
10~50 °C, had little effect on the adsorption of NH4*-N by zeolite, which was almost negligible.

Adsorption isotherms

0.5 g of clinoptilolite with a particle size of <0.08 mm was placed in 50 ml of a NH4CI solution having a
conc. ranging from 0 to 100 mg-N/L. Than placed on a magnetic stirrer at 20 °C for 36 h. NH4* conc. was
determined. In order to determine the effect of coexisting metal cations such as K+, Na*, Ca2*, and Mg2* on
the exchange and adsorption of ammonia nitrogen by zeolite, 40 mg/L of metal cations were added,
respectively.

It can be seen from Fig. 4 that as the initial NH4* conc. in the solution increases, the amount of NH4*-N
adsorbed per gram of zeolite also increases (i.e. the amount of charge adsorbed per gram of zeolite also
increases). The high conc. gradient resulted in a greater driving force for ion exchange. When there are
other coexisting metal cations in the water, the NH4*-N effluent conc. will increase significantly, but the
increase was not large. When there are other coexisting metal cations in the solution (such as K+, Na*,
Ca?+, Mg?+), the amount of NH4*-N adsorbed by the zeolite will be obvious.
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Figure 4. Ammonium exchange isotherms and effects of individual cation on the exchange of NH,* uptake
by zeolite.

In addition, K* ions had the largest relative influence of metal ions under the same concentration
conditions, and Mg?* ions had the smallest relative influence. This is related to the zeolite structure and its
selective order to metal cations [37-39]. For example, when the metal ions (40 mg/L) in the water, the
corresponding charge of Mg2* was 3.33 meqMg/L, but it showed a small effect. While the corresponding
charge of K* ions was only 1.026 meqK/L, it showed the strongest effect. The impact of the other was 2.0
meqCa/L and 1.74 meqNa/L.
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The equilibrium adsorption curve of ion exchange is the key basic data in engineering design [40, 41]. The
distribution of NH4* ions in liquid phase and solid phase in equilibrium state can be expressed by a series
of empirical models, such as Langmuir, Freundlich and Dubinin-Radushkevich. Among them Langmuir
and Freundlich models are more commonly used, and are widely used in theoretical research and actual
engineering design.

The Langmuir adsorption curve model formula is as follows:

KbCe
Qe=—7— (1)
1+KCe
1 1 1

After linear processing, — +— (2)

Qe KbCe b
Qe is the amount of NH4* adsorbed by the unit zeolite at equilibrium, Ce is the NH4* ion conc. at
equilibrium, and K and b are Langmuir constants, which represent the adsorption capacity and rate of

adsorption capacity, respectively.
The Freundlich model was also applied [42], The Freundlich modelempiricalformulaisas follow

Qe=K ,Ce" (1)

1
After linear processing logQe = IOgKf +—logCe (2)
n

where Kr is the Freundlich constant and 1/n adsorption intensity. The two models are applied to the
experimental data of NH4* adsorption by zeolite. Fig. 5 showed that the adsorption of NH4*-N by
clinoptilolite is in good agreement with the Langmuir and Freundlich model. Compared with the
Freundlich model (correlation coefficient R2=0.9734 ~ 0.9840). The Langmuir model can better fit the
experimental data. The correlation coefficient RZz reached 99.73% ~ 99.97%, especially for low-
concentration ammonia nitrogen adsorption. It’s correlation fit is more stronger.
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Figure 5. Equilibrium isotherm data for NH4* uptake onto clinoptilolite fitted to the Langmuir and the
Freundlich uptake models under the condition of NH4* only, and in the presence of individual Mg?+, Ca?+,
K+ ion.

Therefore, the process and mechanism of zeolite adsorption of low-concentration ammonia nitrogen can
be well expressed by the Langmuir model. The correlation coefficient was obtained based on a series of
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experimental data, so as to establish a zeolite adsorption NH4*-N model suitable for the actual conditions.
Both the Langmuir model parameter K, and the Freundlich model parameter Kr decrease with the
presence of coexisting metal cations as the coexisting metal cations have a certain competitive effect on
the active sites of ammonia nitrogen adsorbed on the zeolite. Through the magnitude of its parameter
value, it can be concluded that the order of its influence on zeolite adsorption of ammonia nitrogen is:
K+>Ca2+*>Na+~Mg?*, which is completely consistent with the previous conclusions. 1/n represents the
surface heterogeneity exchange intensity of zeolite for NH4*-N. The dimension 1/n in the Freundlich
modelwas between 0 and 1, which indicated that the adsorption strength of zeolite to NH4*-N under this
condition was ideal [43], and the adsorption performance is better.

Kinetics of dynamic adsorption of NH4*-N by zeolite

In order to further understand the kinetics of zeolite adsorption of NH4*-N, 10 g of clinoptilolite with a
particle size of 0.55~1.30 mm (washed and dried) was added to a flow column with an inner diameter of
13 mm and a length of about 300 mm (volume 2.4 ml). At a flow rate of 2.4 ml/min, NH4Cl solution with a
conc. of 20 mg-N/L was passed. The operation was suspended every night. The experiment of the
previous day was continued the next day. The conc. of NH4*-N in the water was determined.

NH4*-N was not detected in the effluent within 15 hours of the initial stage. The adsorption of NH4*-N per
unit mass of zeolite per unit time reached the maximum. Within the first 18 h, the removal efficiency of
NH4* by zeolite exchange adsorption was always 95% or more. After that, the NH4*-N conc. in the effluent
continuously increased, and the removal efficiency showed a gradual decreasing trend. After a period of
interruption every night, NH4*-N in the effluent at the beginning of the next day was stable and even
slightly decreased. This is due to the time period of suspension. During this period, there was sufficient
time for the zeolite to rearrange the adsorbed NH4*-N ions and molecules, and gradually enter the
adsorption center inside the particle structure through the internal diffusion of the particle. Thus, the
ability of zeolite to adsorb NH4*-N was improved. The total adsorption capacity of zeolite continued to
rise throughout this period. The ascending slope decreases continuously until the curve tends to be flat.
This is due to the zeolite gradually tends to become saturated with the increase in the amount of NH4*-N
adsorbed by the zeolite.

Study on NaCl regeneration performance of zeolite

2 g of clinoptilolite with a particle size of 0.55~1.30 mm was placed in 100 ml of RO water and a saturated
NaCl solution with a conc. of about 360 g/L. Stirred on a magnetic stirrer for regeneration experiments to
determine the use of neutral NaCl solution for the feasibility and effect of regeneration. In order to further
determine the effect of NaCl solution conc. on the regeneration of zeolite, 1 g of clinoptilolite with a
particle size of 0.55~1.30 mm was placed in 100 ml of NaCl solution. The conc. of NaCl solution varied
from 0 to 180 mg/L, followed by 0 mg/L, 15 mg/L, 30 mg/L, 60 mg/L, 90 mg/L, and 180 mg/L, and was
also stirred on a magnetic stirrer. NH4*-N conc. in the water was measured at regular intervals.

Zeolite adsorbing NH4*-N was difficult to elute with RO water, but when saturated NaCl solution was used,
the NH4*-N adsorbed by the zeolite particles can be quickly eluted. The high conc. of Na*ions in the NaCl
solution undergoes ion exchange with the NH4* ions adsorbed on the zeolite under the driving force of the
concentration difference. It is feasible to regenerate the adsorption saturated zeolite with neutral NaCl
solution. As the conc. of NaCl solution increases, the amount of eluted NH4* was high. The time required
for the same regeneration effect was short, and most of the NH4* ions are desorbed from the zeolite
within 30 minutes after the start. The desorption process then tends to be flat. The desorption efficiency
of NHs*adsorption on zeolite with 100 ml NaCl solution with a conc. of 180 g/L was almost 100%.
Whereas, the desorption efficiency of NHs*adsorption on zeolite with 100 ml of NaCl solution with a conc.
of 360 g/L was only 80%. This may be due to the fact that the high conc. of NH4* ions resolved from the
zeolite into the solution inhibited the further ion exchange between Na* ions with NH,* ions.

CONCLUSION

This study considered the potential of a natural Japanese zeolite, clinoptilolite, to remove low-
concentration ammonia nitrogen. Their use for environmental applications is of high interest mostly due
to their rapid adsorption and ion-exchange processes. The main conclusion as follows: the denitrification
performance increases with the decrease of the zeolite particle size. The adsorption capacity of zeolite
after treatment with neutral NaCl solution increased. However, the ammonia nitrogen adsorption
performance of zeolite treated with HCl was significantly reduced. In the zeolite structure, K*, Na*, CaZ+
and Mg?* jons are exchangeable active ions, while Al3+ and Fe are the basic framework and composition of
the zeolite structure. The capacity of zeolite to adsorb ammonia nitrogen increases significantly with the
increase of the initial ammonia nitrogen concentration and the extension of the contact time. Adsorption
equilibrium can be achieved in a short time. The adsorption capacity of zeolite under stirring and flow
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dynamic conditions was much greater than static conditions. The optimum flow rate should be adopted
according to the actual situation. It should neither be too large nor too small. The influence of
temperature in the range of 0~50 °C was small and can be almost ignored. All the results demonstrate
that the natural Japanese zeolite (specific physicochemical properties) could be used efficiently as a water
treatment agent due to its high selectivity to one of the most potent pollutant ammonia. Moreover, zeolite
forms strong bonds with ammonia and heavy metals that are difficult to break. Hence, leaching of
contaminants into the environment are avoided. It is very effective to analyze the NH4*-N adsorbed by
saturated zeolite with NaCl solution. Higher the conc. of NaCl solution, the more effective the desorption,
but the consumption of NaCl was high. Therefore, it is necessary to comprehensively consider various
factors such as optimal regeneration conc. and regeneration flow rate. As this present study provided a
theoretical basis, further work in our laboratory is directed towards development and investigation of
continuous adsorption-regeneration of Japanese natural clinoptilolite filled in multi-stage parataxis mini
adsorption column process for ammonia nitrogen removal from groundwater-based on engineering
design.
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