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Abstract 
 
Removal of excessive ammonium nitrogen (NH+

4-N) from aqueous solution has been of considerable concern for several decades. 
It can be removed by air stripping, a necessary prerequisite is adding enough alkali. This study presented the first attempt to 
investigate the potential use of ceramsite coated with magnesium hydroxide (CCMH) on the effectiveness of NH+

4-N removal 
coupled with air stripping at ambient temperature without alkali addition. The results showed that the CCMH coupled with air 
stripping process has the highest NH+

4-N removal efficiency, after stripping for 150 min, the removal rates were 86.4%, 90.7% and 
93.8% at pH 3, 7 and 11, respectively. This demonstrated that in acidic condition, the combined process still had high removal 
efficiency. It was further determined that the changes of initial pH had no significant effect on the NH+

4-N removal. As air flow 
rate increased, the removal rate of NH+

4-N naturally increased. Besides, the removal rates of NH+
4-N followed the general first-

order model in the investigated initial pH and air flow rates, with the general first-order rate constants rapidly increased. In 
conclusion, the combined process can be considered as a promising method for the removal of NH4

+-N from aqueous solution, 
having high removal efficiency, pH value adjustment free and the stripped ammonia can be absorbed without secondary pollution. 
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1. Introduction 

 
Nitrogen compounds, are not only nutrients 

essential to all forms of life, but also are largely used 
as an indispensable chemical in various industries 
from manufacturing fertilizers to animal feed. In 
aqueous environments, they mainly occur in the form 
of NH+

4-N (Song et al., 2018). But, NH+
4-N present in 

receiving waters at excess levels is undesirable, causes 
depletion in dissolved oxygen (DO), because it is 
easily oxidized by bacteria and converted into nitrite 
and nitrate; causes eutrophication, acts as a nutrient for 
algae and other microorganisms; and toxic to sensitive 
aquatic biota. Moreover, environmental regulations 
regarding NH+

4-N in industrial and agricultural 
wastewaters that flows to nitrogen-sensitive receiving 
waters are becoming steadily more stringent in many 
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developing and developed countries. For example, in 
China, the 12th Five-Year Plan articulates a 
challenging task of a 10% discharge reduction in total 
NH+

4-N from 2010 to 2015 (Yuan et al., 2016). The 
discharge standards of NH+

4-N have also been 
established for municipal wastewater treatment plants 
in China and were set to 5 and 8 mg N/L for A and B 
standard of first grade effluent, respectively, and 25 
mg N/L for second grade effluent. Therefore, to 
eliminate the adverse environment effect of NH+

4-N, 
the concentrations of NH+

4-N were to be reduced to 
below the inhibitory level, no matter what origin, is 
not a trivial (Reli et al., 2015). 

Presently, several methods have been 
developed and applied for the removal of NH+

4-N 
from aqueous solution. Biological process of 
nitrification and denitrification is known as the most 
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economic and efficient method for removal of NH+
4-

N from sewage (Wang et al., 2015). However, the 
removal of NH+

4-N by biological method is 
transformed to dinitrogen gas (N2) and therefore 
cannot be recovered and reused (Malovanyy et al., 
2013). Chemical precipitation of NH+

4-N removal by 
adding magnesium salt and phosphate to form 
magnesium ammonium phosphate hexahydrate 
(MAP) is considered as an effective method 
(Yetilmezsoy and Sapci-Zengin, 2009). Obviously, 
the method requires the addition of chemical reagents, 
which may introduce new pollutants. Breakpoint 
chlorination, as practiced for many years in the water 
treatment industry, provides an additional physical-
chemical means for removing NH+

4-N from sewage 
(Pressley et al., 1972). Previous studies have 
confirmed that the reaction of chlorine with NH+

4-N 
may form toxic disinfection by-products (DBPs), 
which may cause possible public health risks (Zhou et 
al., 2016). Photocatalytic oxidation (Ding et al, 2018) 
and adsorption (Arslan and Veli, 2012) have been in 
use in various types of wastewater treatments for the 
removal of NH+

4-N. However, photocatalytic 
oxidation method using organic resins as carrier are 
very expensive, and improving the adsorption capacity 
of adsorbents is the focus of adsorption process. 

Air stripping has been reported as an 
economical and efficient physical method for remove 
NH+

4-N from aqueous solution (Gustin and Marinsek-
Logar, 2011; Ata et al., 2017), with many outstanding 
advantages. One is that it is relatively simple and 
stable. The other is that it is unaffected by toxic 
compounds, that could disrupt the performance of a 
biological system (Rubia et al., 2010). In addition, the 
concentrated gaseous ammonia purged after stripping 
can be recovered and absorbed by sulfuric acid 
(H2SO4) solution, forming ammonium sulfate 
((NH4)2SO4) fertilizer for agricultural use. 
Necessarily, air stripping requires either direct 
addition of alkaline compounds, such as sodium 
hydroxide (NaOH), potassium hydroxide (KOH) and 
calcium hydroxide (Ca(OH)2), to elevate the pH or 
heat to increase the temperature (generally above 60 
oC) to release the free ammonia. Unfortunately, the 
direct introduction of chemical compounds can 
increase the amount of sludge precipitates, form pipe 
scale, or cause mechanical problems. Thus, it has 
become the center of attention of different research 
groups to choose appropriate hydroxides to create a 
basic condition for air stripping. 

Magnesium hydroxide (MH), an 
environmental friendly material (Matsukevich et al., 
2017), possesses a large specific surface area, high 
activity, and extraction ability. In laboratory scale, 
many methods have been developed to synthesize 
MH, including precipitation, hydrothermal and sol-gel 

method. MH is usually used in has attracted 
considerable attention because of its wide range of 
applications, such as flame retardant composite 
formulations (Tai et al., 2007), adsorption of anionic 
dye (Zhang et al., 2014) and antacid to neutralize 
stomach acid and laxatives (Kaza et al., 2012). 
However, the fine particle size of MH makes it very 
difficult to separate from the water phase, which limits 
its application in wastewater treatment. Coated 
technology can provide a preferable attempt to solve 
the above problem. So, selection of an appropriate 
loading material has become a hotspot of research. 

Ceramsite, as filter material (Mittelman et al., 
2015), loading material (Li et al., 2017), carrier in a 
biofilter (Wang et al., 2016) and adsorbent (Li et al., 
2018), has been widely applied in wastewater 
treatment. Due to similar mineral contents, more and 
more solid wastes (Furlani et al., 2011; Wang and 
Zhang, 2013), including sewage sludge, river or 
marine sediment, low quality fly ash, construction and 
demolition (C&D) and glass cullet, were selected as a 
potential substitute to replace natural resources for 
production of ceramiste. To our best knowledge, little 
study has been reported to use ceramsite coated with 
MH and then combined with air stripping to treatment 
of wastewater containing NH+

4-N so far. 
The objective of this study was to assess the 

removal efficiency of NH+
4-N from aqueous solution 

by CCMH coupled with air stripping at ambient 
temperature without pH adjustment. Firstly, the 
ceramsite and MH were prepared by high-temperature 
sintering process and direct precipitation method, 
respectively, and then CCMH was fabricated by 
impregnation method. Secondly, the samples were 
characterized by SEM-EDS, XRD, FTIR and BET. 
Finally, the optimum removal processes were 
determined, subsequently, the effect of initial pH and 
air flow rate on the NH+

4-N removal efficiency were 
investigated, and the removal kinetics were analyzed. 

 
2. Experimental  

 
2.1. Materials and chemicals 

 
The sludge, fly ash and river sediment were 

obtained from Shanghai Songjiang Sewage Treatment 
Plant, Shanghai Waigaoqiao Power Generation Co. 
Ltd, Songjiang Campus of Donghua University, 
China, respectively, and their compositions are listed 
in Table 1. Ammonium Chloride (NH4Cl), magnesium 
chloride (MgCl2ꞏ6H2O) and NaOH were purchased 
from Sinopharm Chemical Reagent Co., Ltd, China. 
All chemicals appeared in this study were of analytical 
grade and were used as received without further 
purification. Deionized water was applied for all the 
experiments. 

 

Table 1. Chemical composition of raw materials (%) 
 

Raw materials SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O Ignition loss 
Sludge 7.5 2.3 6.9 2.9 0.5 0.1 0.5 72.4 

River sediment 52.5 17.6 5.1 1.5 1.8 0.5 2.8 8.5 
Fly ash 56.8 25.7 7.0 8.1 0.8 0.4 1.9 0.2 
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2.2. Preparation of CCMH 

 
The ceramsite was prepared from sludge, fly 

ash and river sediment, with a mass ratio of 5:4:1. 10-
mm-diameter green bodies were produced manually 
by adding a necessary amount of deionized water. 
After dried completely, they were sintered at a 
temperature of 300oC for 20 min. The temperature was 
then increased to 1150oC for 5 min to ensure 
combustion and decomposition of the binder and to 
form micrometer- and nanometer-sized pores in the 
interior (Ji et al., 2010), followed by natural cooling to 
room temperature over 120 min. Finally, the ceramsite 
were crushed down and sieved to be diameters of 
about 1 mm and were washed with deionized water to 
remove the water-soluble residues and other 
undesirable material, and they were stored in a 
vacuum desiccator for surface coating after dried in an 
oven at 105oC for about 4 h.  

1000 mL MH emulsion was synthesized by 
direct precipitation method, using MgCl2ꞏ6H2O and 
NaOH with a definite Mg2+/OH-1 mole ratio of 1: 2. 
After about 10 min, 50 g ceramsite were added into 
the emulsion. And the CCMH was produced through 
employing dipcoating techniques after stirring 60 min 
at 80oC. After this, the CCMH was washed several 
times using deionized water, centrifugation and dried 
in vacuum at 70oC over 10 h. 
 

2.3. Batch tests 
 

A volume of 1000 mg/L stock solution was 
prepared by dissolving 3.819 g of NH4Cl in 1000 mL 
deionized water. 50 mL volume simulated wastewater 
in different concentrations of NH4

+-N in the range of 
400-500 mg/L were prepared by stepwise dilution of 
the stock solution. The batch tests were carried out at 
ambient temperature and the procedure was as 
follows: a 100 mL breaker was placed on a magnetic 
stirrer (150 rpm) in which 50 mL of simulated 
wastewater was first poured, the initial pH of solution 
was adjusted with 0.1 M NaOH or 0.1 M HCl to obtain 
designed value and then 3.5 g agent was added into 
this solution. Immediately, air was introduced into the 
mixture via an air pump (ACO-001, Guangdong 
Risheng Group Co., Ltd, China), the desired air flow 
rates (0.4, 0.8 and 1.6 L/min) were controlled by a 
flow meter.  

Air charged with ammonia was bubbled 
through 1 M H2SO4 solution. After a designated time, 
regulate the effluent pH, in order to eliminate the 
interference of magnesium ion (Mg2+), and then the 
NH4

+-N concentration in the filtrate was measured. All 
of the experiments were performed twice under the 
same conditions and an averaged value was employed. 
 
2.4. Analytical methods 

 

The composition of raw materials was 
measured by X-ray fluorescence spectrometry (XRF, 
model XRF-1800, Shimadzu Corporation, Japan). The 

crystalline phases of samples were characterized by X-
ray diffraction (XRD, D/max- 2550 PC, Shimadzu 
Corporation, Japan) with CuK a radiation (λ= 0.1548 
nm) at 40 kV and 40 mA. A Scanning Electron 
Microscope-Energy Dispersive Spectrometer (SEM-
EDS, Quanta- 250, Fei Instrument, Czech) was used 
to observe the surface morphology of samples with an 
accelerating voltage of 13 kV. The surface of samples 
was sputtered with gold layer in order to improve the 
quality of the images.  

Fourier Transform Infrared Spectrophotometer 
(FTIR, Bruker Tensor 27, Germany) was employed to 
study the chemical structures of samples, FTIR spectra 
were taken on a KBr disk at a frequency range of 
4000-400 cm-1. The specific surface area, SBET, was 
calculated by applying the Brunauer-Emmett-Teller 
(BET) equation. The average pore radius was 
estimated from the relation 2Vp/SBET, where Vp is the 
total pore volume (at P/P0 = 0.2). Pore size distribution 
over the mesopore range was generated by the Barrett-
Joyner-Halenda (BJH) analysis of the desorption 
branches, and the values for the average pore size were 
calculated. The concentration of NH4

+-N was detected 
using Nessler’s reagent (HgI2-KI-NaOH) 
spectrophotometrically at a wavelength of 420 nm 
according to the China’s industrial standard (HJ 535-
2009). The NH4

+-N removal efficiency is expressed 
according to the measured results (Eq. 1). 

 

           (1) 
 
where: R is the removal rate of NH4

+-N, %; C0 and Ct 
are the concentration of NH4

+-N at initial and time t 
min, respectively, mg/L. 
 
3. Results and discussion 
 
3.1. Characterization 

 
The XRD patterns of the samples are given in 

Fig. 1. As shown in Fig. 1(a), the chemical 
compositions of the ceramsite included various metal 
oxides and metal compounds, such as syn-Fe2O3, 
Quartz-SiO2, Albite, Labradorite and Anorthite. A 
number of researchers have demonstrated that heavy 
metals are properly stabilized in ceramsite during 
sintering process and cannot be easily released into the 
environment again to cause secondary pollution (Xu 
et al., 2009; Han et al., 2013). From Fig. 1(b), it was 
found that compared with ceramsite, some new peaks 
at 2θ diffraction angle of 19.28, 34.12, 37.68 and 
49.06 appeared in the XRD pattern of CCMH. 
Reference to the XRD pattern database (International 
Centre for Diffraction Data, ICDD), these new peaks 
were corresponding to the different crystal planes of 
MH. Therefore, we can draw a conclusion that CCMH 
can be obtained under the synthetic conditions. 

The SEM images and EDS spectra of the 
samples are presented in Fig. 2 and it can be seen that 

%
C

CC
R t 100

0

0 

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a clear change in their surface morphology was 
revealed. As Fig. 2(a) indicated that the surface of 
ceramsite is quite smooth and highly polished, where 
has coarse, irregular and porous surface, with a large 
number of well-developed uneven holes and cracks 
inside. As Fig. 2(b) illustrated that after coated with 
MH, the surface of ceramsite became rough and 
appeared a large amount of sediment. According to the 
results of Fig. 1, it is believed that the sediment is MH. 
The EDS spectra indicated that before and after 
coated, the content of Mg element in ceramsite 
increased from 0.0 to 28.4 (wt%). The results 
suggested that MH existed on the surface and porous 
of ceramsite. 

As shown in Fig. 3, the FTIR spectra revealed 
that there were great similarities between ceramsite 
and CCMH. Both the samples exhibit some strong 
adsorption peaks at about 3450.57, 1641.38 and 
1386.78 cm-1, were assigned to stretching vibration of 
hydroxyl functional groups including hydrogen 
bonding due to adsorbed water, out-of-plane rocking 
vibration of O-C-O, bending vibration of C-O-H and 
stretching vibration of C=O (Li et al., 2011; He et al., 
2015). Compared with the spectrum of ceramsite, a 
new adsorption peak appeared at about 3701.31 cm-1 
in the spectrum of CCMH, probably attributed to the 
bending and stretching vibration of the hydroxyl (-
OH) bond in the crystal structure of MH (Feng and 
Sun, 2015; Zou et al., 2016). Another change was the 
adsorption peak at about 1122.54 cm-1. The results 
further implied that the functional group (-OH) was 
grafted on the surface of ceramsite. 

A typical N2 adsorption-desorption isotherms 
of the samples are displayed in Fig. 4, from which it 

was evident that the adsorption-desorption patterns of 
the samples belong to the typical IUPAC IV-type with 
the H2-type hysteresis loop, which is a characteristic 
of particles with uniform size and mesoporous 
structure (Basahel et al., 2015). Both the samples 
showed type IV isotherms with hysteresis loop at P/Po 
= 0.45 to 0.95. Whereas, each sample exhibited a 
different type of hysteresis loop suggested that pore 
size and shape were not same in these samples. As 
detailed in Fig. 4(a), the SBET, average pore volume 
and pore diameter of ceramsite were found to be about 
0.73 m2/g, 0.004 cm2/g and 18.87 nm, respectively. 
From Fig. 4(b), it was indicated that the SBET, average 
pore volume and pore diameter of CCMH were 29.99 
m2/g, 0.141 cm2/g and 17.75 nm, respectively. 
Compared with that of the ceramsite, the SBET and 
average pore volume of CCMH were improved about 
41.1 and 35.3 times, respectively. 

 

 
Fig. 1. XRD patterns of (a) CCMH and (b) ceramsite 

 

 
 

Fig. 2. SEM images and EDS spectra of (a) ceramsite and (b) CCMH 
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Fig. 3. FTIR spectra of (a) ceramsite and (b) CCMH 
 

 
 

Fig. 4. N2 adsorption-desorption isotherms and pore size 
distribution (inset) of (a) ceramsite and (b) CCMH 

 
3.2. Theoretical analysis 
 

In water bodies, the equilibrium relationship 
between the ammonium ion (NH+

4) and the aqueous 
ammonia (NH3(aq)) always exists, as follows (Lee, 
2003): 
 

 
  OHNHOHNH aq 3324

           (2) 
 

where the pKA and ΔHo of Eq. 2 were 9.25 at 25 oC, 
and 12.42 Kcal/mol, respectively. 

Furthermore, the equilibrium relationship 
between the NH3(aq) and the gas ammonia (NH3(gas)) 
may also exist, is given by Eq. 3 (Jr et al., 2002).  
 

(gas)NH(aq)NH 33                   (3) 
 

As Eqs. 2 and 3 illustrated that removal of 
NH4

+-N from aqueous solution require two steps. The 
Step I involves the conversion of NH+

4 to NH3(gas) 
(ammonia dissociation equilibrium). The Step II is the 
diffusion of NH3(gas) to the air-water interface into the 
air above ( involved water-side mass transfer and air-
side mass transfer) (Limoli et al., 2016). In order to 
realize the Step I, the pH value of the system should 
be raised over 7 or above (Zhang et al., 2010). When 
the pH increased, the balance of Eqs. 2 and 3 moved 
to the right successively, accompanying NH+

4 
hydration reaction occurred and transformed into 
NH3(aq), and into NH3(gas). The Step II is accomplished 
by contacting the high concentration NH3(gas) with a 
gas (usually air) that does not initially contain 
ammonia (Bolado-Rodríguez et al., 2010), resulting in 
escape NH3(gas) from the water and was removed 
subsequently. Thus, the whole NH4

+-N removal 
process mainly depends on pH and mass transfer rate. 
 
3.3. Optimum removal processes 
 

Optimum experimental conditions were first 
examined for NH4

+-N removal by using simulated 
wastewater, in order to choose the best NH4

+-N 
removal efficiency out of five different removal 
processes under different initial pH conditions after 
stripping for 150 min and the results are shown in Fig. 
5. As can be seen from Fig. 5, in ceramsite process, 
pH changes had no effect on the removal rate of NH4

+-
N, the removal rates of NH4

+-N were less than 10%. 
The removal mechanism of ceramsite process was 
proposed as a combination of ion exchange and 
molecule adsorption based on the influence of pH on 
their ammonium adsorption (Yang et al., 2015). 
Compared with ceramsite process, the removal rates 
of NH4

+-N were enhanced in CCMH process at all the 
investigated pH values. This may be due to CCMH has 
higher SBET and larger average pore volume than that 
of ceramsite (Fig. 4), being favorable for NH4

+-N 
adsorption. In air stripping process, as expected, pH 
level gave bigger influence to the removal rate of 
NH4

+-N. At acidic (pH=3) and neutral (pH=7) 
conditions, the removal rates of NH4

+-N were only 
6.7% and 24.2%, respectively.  

The removal efficiency rapidly rose to 63.3% 
at alkaline (pH=11) condition. By raising pH levels, 
the removal mechanisms can be expressed by Eqs. 2 
and 3. In ceramsite coupled with air stripping process, 
the initial pH has greater influence on the NH4

+-N 
removal efficiency. The removal rates of NH4

+-N were 
improved in the pH values of 7 and 11 compared to air 
stripping process, mainly contributed by the presence 
of ceramsite, as it enhanced the mass transfer in the 
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stripping system (Hartman et al., 2007), prompting Eq. 
3 moved to the right, resulting in NH3(gas) diffuse into 
the air. In CCMH coupled with air stripping process, 
the removal rate of NH4

+-N was more than 90% at all 
the investigated pH values, without being influenced 
by the initial pH. Several reasons may be adduced to 
the phenomenon that on the one hand, when the pH of 
the combined system was below 7, MH will be take 
place hydrolytic reaction (seen Eq. 4), and one of the 
resultant hydrolytic reaction product is hydroxyl ions 
(OH-), resulting in increased the pH value, and 
promoting stripping efficiency. On the other hand, 
owing to CCMH has well-developed porous structure 
and high SBET, its presence can improve the mass 
transfer of the stripping (Yuan et al., 2012), prompting 
Eq. 3 moved to the right, accelerating air stripping.  

 
  OHMgMg(OH) 22

2  (4) 
 

Taken together, the highest removal efficiency 
for the NH4

+-N concentration of 450 mg/L were 
obtained in the CCMH coupled with air stripping 
process under different pH conditions after stripping 
for 150 min. Therefore, the research was continued 
using the CCMH coupled with air stripping process to 
investigate the effect of other factors on the NH4

+-N 
removal efficiency. 

 

 
 

Fig. 5. The influence of (a) ceramsite, (b) air stripping, (c) 
CCMH, (d) ceramsite coupled with air stripping and (e) 

CCMH coupled with air stripping on the removal 
efficiency of NH4

+-N from aqueous solution under 
different initial pH conditions after stripping for 150 min. 
Experimental condition: dosage of ceramsite was 3.5 g, 

dosage of CCMH was 3.5 g, initial concentration of NH4
+-

N was 450 mg/L and air flow rate was 0.8 L/min 
 

3.4. Effect of initial pH 
 

The wastewater containing NH4
+-N, 

discharged from industries has a wide range of pH 
values. For air stripping process, many researchers 
have been reported that perfect removal efficiency was 
obtained when the pH above 7 (Guo et al., 2010). 
However, the effect of pH below 7 on the removal 
efficiency has been rarely investigated. In this study, 
the effect of initial pH on the removal of NH4

+-N by 
CCMH   coupled   with   air   stripping   process  was  

depicted in Fig. 6(a), in which the variation of initial 
pH is determined with stripping time. From the Figure, 
it can be observed that as the pH increased in the range 
of 3-11, the removal efficiency of NH4

+-N increased 
gradually and reached a maximum value after 
stripping for 150 min, when its initial pH 7 and 11, the 
removal rates were 90.8% and 93.8%, respectively. 
The same results also have been gotten by other 
researchers (Subramonian and Wu, 2014). 
Interestingly, when the initial pH was 3, the removal 
rate of NH4

+-N by the combined process was still very 
high after stripping for 150 min, about 86.4%. It is 
clearly demonstrating that the initial pH, included 
acidic (pH=3), neutral (pH=7) and alkaline (pH=11) 
conditions, had only a negligible effect on the removal 
rate of NH4

+-N by the combined process.  
 The reason is mainly because of the fact that 
in the presences of hydrogen ion (H+), the MH is 
unstable and hydrolyzes easily in aqueous solution 
(Eq. 4), the major hydrolyzed product is hydroxyl 
radicals (-OH), which may be promote air stripping 
through neutralization reaction with H+. 

 
Table 2. Estimated general first-order rate constant (k) for 

NH4
+-N removal at different experimental conditions 

 
Experimental conditions k×10-2/ 

min-1 
R2 

pH 
3 1.32 0.9777 
7 1.68 0.9808 
11 1.67 09952 

Air flow rate 
(L/min) 

0.4  1.07 0.9702 
0.8  1.68 0.9805 
1.6  2.09 0.9678 

 
To compare NH4

+-N removal rates, the 
obtained experimental data were fitted to a general 
first-order expression as shown in Eq. 5 (Park and 
Kim, 2015), and the values of the general first-order 
rate constant (k) were determined. 
 

N]k[NH
dt

N]d[NH


 


4
4

         (5) 
 
The removal kinetics of NH4

+-N by the 
combined process at various initial pH are reflected in 
Fig. 6(b) and Table 2. It was indicated that plotting the 
natural logarithm of NH4

+-N concentration versus 
stripping time yielded reasonably straight lines. In 
neutral (pH=7) and alkaline (pH=11) conditions, the 
kinetic data could be described well by the general 
first-order models, with high values of correlation 
coefficient (R2) were 0.9808 and 0.9952, respectively, 
similar to the results obtained by previously 
experimental researches (Wu et al., 2015). In acidic 
(pH=3) condition, the kinetic data were also well 
described by the general first-order model, which 
correlation coefficient was 0.9777. The rate constant 
(k) for NH4

+-N removal increased nearly 21% (from 
1.32 to 1.67×10-2/min) when the initial pH increased 
from 3 to 11. 
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3.5. Effect of air flow rate 
 
The effect of air flow rates on the removal 

efficiency of NH4
+-N by CCMH coupled with air 

stripping process were investigated at the speed of 0.4, 
0.8 and 1.6 L/min and the results are depicted in Fig. 
7(a), which illustrated that the removal rate increased 
as the air flow rate was increased. After stripping for 
150 min, the removal rates were 80.2%, 90.8% and 
95.9% for the air flow rates of 0.4, 0.8 and 1.6 L/min, 
respectively. The reason may be because higher feed 
velocity could promote the turbulence of feed 
solutions and decrease the mass transfer boundary 
layer thickness (Liu and Wang, 2016).  

The removal kinetics of NH4
+-N by the 

combined process at various air flow rates are listed in 
Fig. 7(b) and Table 2. From Fig. 7(b), it was found that 
plotting the natural logarithm of NH4

+-N 
concentration versus stripping time yielded reasonably 
straight lines, with the correlation coefficients (R2) 
were 0.9702, 0.9805 and 0.9678 at 0.4, 0.8 and 1.6 
L/min, respectively, confirming that the removal of 
NH4

+-N by the combined process at different ranges 
of air flow rates well followed the general first-order 
models. As detailed in Table 2, the rate constant (k) 
for the NH4

+-N removal increased from 1.07×10-2/min 
at 0.4 L/min to 2.09×10-2/min at 1.6 L/min, about one 
fold. 
 

 
Fig. 6. (a) effect of initial pH on the removal of NH4

+-N by 
CCMH coupled with air stripping and (b) the removal 
kinetics at various initial pH. Experimental condition: 

dosage of CCMH was 3.5 g, initial concentration of NH4
+-

N was 450 mg/L and air flow rate was 0.8 L/min 
 

Fig. 7. (a) effect of air flow rate on the removal of NH4
+-N 

by CCMH coupled with air stripping and (b) the removal 
kinetics at different air flow rates. Experimental condition: 
dosage of CCMH was 3.5 g, initial concentration of NH4

+-
N was 450 mg/L and initial pH was 6-7 

 
4. Conclusions  
 

The CCMH coupled with air stripping process 
has a good effect on the removal of NH4

+-N from 
aqueous solution, without being influenced by the 
initial pH. The removal of NH4

+-N by the combined 
process in all fractions (included initial pH and air 
flow rate), could be fitted by the general first-order 
model, with high correlation coefficients (R2> 0.95). 

 Overall, the combined process could be used 
as a possible option for the removal of NH4

+-N from 
aqueous solution, with no pH value adjustment 
required and is the more environmental friendly 
compared to the traditional air stripping technique. 
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