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a b s t r a c t
The ultra-high lime aluminum method (UHLA) is a method that can effectively adsorb chloride ions 
in a solution. Calcium oxide (CaO) and sodium aluminate (NaAlO2) were mixed and added to the 
sodium chloride solution. After the reaction lasted for some time, the content of chloride ions in the 
solution was significantly reduced. Through the experiment of chloride ion adsorption, it was found 
that when the mass ratio of calcium oxide to sodium aluminate was m(NaAlO2):m(CaO) = 1:2.5, 
the reaction temperature was 25℃, and the stirring time was 60 min, the adsorption effect on chlo-
ride ion was the best. The adsorption rate can reach 93.3% in a 100 mg/L sodium chloride solu-
tion. With the increased sodium chloride concentration, the time required to reach adsorption 
equilibrium becomes longer. In a 2,000 mg/L sodium chloride solution, this method’s unit adsorp-
tion mass of chloride ion can reach 63.5 mg/g. Through SEM and XRD analysis, calcium oxide and 
sodium aluminate react in solution to form Ca4Al2(OH)14 with a layered structure. The OH– between 
the layers can exchange with external chloride ions. After Ca4Al2(OH)14 adsorbs chloride ions, 
the product is Friedel’s salt (Ca4Al2Cl2(OH)12) with the same layered structure.
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1. Introduction

Chloride ion is one of nature’s most stable forms of 
chlorine [1]. If chlorine ion exists in large quantities in 
water, it is not conducive to the growth of aquatic plants 
and animals, harming the ecological environment. Drinking 
too much water containing excessive chloride ions harms 
human health [2–6]. The chloride ion is a common corro-
sive anion. Its significant presence will cause irreversible 
corrosion damage to industrial equipment. For example, 
pipelines working in the marine environment are seriously 
corroded under the long-term influence of chloride ions 

in seawater and the marine atmosphere [7–10]. In addi-
tion, the water quality standard for sewage discharged 
into urban sewers (GB/T 31962-2015) stipulates that the 
chloride ion concentration in sewage discharge shall not 
exceed 500 mg/L, and even some regulations require that 
the discharge concentration be less than 400 mg/L [11]. It 
is essential to control the lowest concentration of chloride 
ions in sewage. There are also many methods to remove 
chloride ions in industry. The main methods for removing 
high chloride ions are the precipitation salt method [12–15], 
the membrane separation method [16], the evaporation 
concentration method [17], the ion exchange method, and 
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so on [18–23]. Generally, chloride ions can form soluble salt 
with most metal ions, and silver ions can react with chlo-
ride ions to form a precipitate. However, it is expensive, 
so removing chloride ions by precipitation is challenging. 
Membrane separation can remove chloride ions, but the 
removal efficiency will decrease when the concentration is 
high. At the same time, other impurities in the wastewater 
may damage the membrane module. UHLA can react with 
chloride ions in water to produce one or more insoluble 
calcium and aluminum chloride compounds precipitated 
to remove chloride ions. The method has the advantages 
of low cost, fast response, low energy consumption, sim-
ple operation, and has good practical application value. 
In addition, the resulting sediments can also be used to 
adsorb other heavy metal ions. Many scientific researchers 
have studied the law of chloride ion adsorption at UHLA.

For example, Abdel-Wahab and Batchelor [24,25] con-
ducted equilibrium and kinetic experiments to evaluate the 
chloride removal in circulating cooling water by the ultra-
high lime aluminum process and characterized the equilib-
rium conditions of calcium aluminate chloride precipitation. 
The optimum pH for maximum chloride removal efficiency 
was 12 ± 0.2; Xin et al. [26] developed a two-stage desali-
nation process to realize zero liquid discharge of flue gas 
desulfurization wastewater and convert chloride into pre-
cipitation. When the calcium-aluminum molar ratio was 3.0, 
the chloride ion removal effect was the best. It was reported 
in the literature that this precipitate was exchanged with 
chloride ions to form another precipitate, namely Friedel’s 
salt [27]. Friedel’s salt is a layered bimetallic hydroxide 
(LDH) and an excellent adsorbent that can adsorb heavy 
metal ions and other harmful substances in wastewater, such 
as chromium, cadmium, arsenic, and other elements. For 
example, Dai et al. [28] focused on the experimental study 
of the adsorption and fixation of Cr6+ by Friedel’s salt in an 
aqueous solution. Li et al. [29] studied the adsorption and 
removal of arsenic by Friedel’s salt in an aqueous solution.

Researchers have extensively researched Friedel’s salt’s 
adsorption of harmful ions, which has a good application 
prospect. After searching for relevant information about this 
method, found that their focus is on the amount of adsorp-
tion that can be achieved under what conditions. However, 
this method’s specific adsorption mode and characteriza-
tion could be much better. Even the description of the whole 
adsorption process is minimal. This paper aims to study the 
optimal adsorption formula and influencing factors and to 
characterize before and after adsorption. The precipitate 
from the calcium oxide and sodium aluminate reactions in 
deionized water was characterized. Whether the precipi-
tate had an adsorption effect on chloride ions was explored, 
compared with a simple mixed addition of calcium oxide 
and sodium aluminate, and their adsorption mechanisms 
were further discussed.

On this basis, the influence of temperature, time, and 
pH on the adsorption of chloride ions by the ultra-high 
lime method was studied, and the adsorption of chloride 
ions by prefabricated precipitates was studied. XRD, SEM, 
and FTIR were used to characterize before and after adsorp-
tion. The ultra-high lime method’s adsorption process of 
chloride ions was analyzed, and the adsorption mechanism 
was discussed in depth.

2. Materials and methods

2.1. Materials

Sodium (AR) and sodium aluminate (CP) was purchased 
from Sinopharm Chemical Reagent Co., Ltd. Calcium oxide 
(AR) was purchased from Shanghai McLean Biochemical 
Technology Co., Ltd. Silver nitrate (AR) and potassium 
chromate (AR) were purchased from the Tianjin Damao 
Chemical Reagent Factory, and deionized water (H2O) was 
self-made in the laboratory.

2.2. Preparation and feeding method of calcium aluminum 
precipitation

In order to discuss the adsorption effect and adsorp-
tion stage of chloride ions by the ultra-high lime method, 
two groups of experiments will be set up to study whether 
the precipitate formed by calcium oxide and sodium 
aluminate in water has the main adsorption effect on 
chloride ions or whether calcium oxide and sodium 
aluminate adsorb chloride ions in the process of forming a  
precipitate.

CaO and NaAlO2 were mixed according to the mass 
ratio in Table 1, and the mixture was marked as Mix-A, 
then added to a 200 mL sodium chloride solution with a 
300 mg/L concentration. Mix-A was added to the sodium 
chloride solution, and the precipitate produced after the 
reaction was labeled as Sed-C, as shown in Fig. 1a. In the 
process, the working speed of the centrifuge r = 10,000 rpm, 
the working time t = 120 s, and the rotating speed of the 
magnetic stirrer r = 400 rpm. The feed ratio, reaction time, 
and temperature effects on chloride ion adsorption were  
studied.

CaO was added to deionized water at 25℃. Then 
a certain amount of NaAlO2 was added in the ratio of 
m(NaAlO2):m(CaO) = 1:2.5. After a reaction period, a pre-
cipitated product was obtained and labeled as Sed-B. Sed-B 
was dried in an oven (50°C) for 3 h, then taken out and 
washed twice with distilled water to remove residual impu-
rities; it was baked in an oven at 50°C for 3 h, dried and 
ground to obtain Sed-B white powder. A specific mass of 
Sed-B powder was added to the sodium chloride solution, 
and the precipitate after the reaction was labeled as Sed-D, 
as shown in Fig. 1b. The adsorption efficiency and adsorp-
tion capacity were measured at different reaction times. 
The experiment was strictly controlled with the variables—
centrifuge working speed r = 10,000 rpm, working time 
t = 120 s, heating magnetic stirrer speed r = 400 rpm.

Table 1
Mass ratio of NaAlO2 and CaO

m(NaAlO2):m(CaO) Actual added mass

1:1 0.3:0.3 g
1:1.3 0.3:0.39 g
1:1.5 0.3:0.45 g
1:2 0.3:0.6 g
1:2.5 0.3:0.75 g
1:3 0.3:0.9 g
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2.3. Structural characterization before and after adsorption

X-ray diffraction analysis (XRD) was used to detect 
the crystal structure of the sample, and PANalytical 
X’Pert PROX diffractometer was used. with Cu K-α radi-
ation (λ = 1.54 Å) at 40 kV and 40 mA. A scanning rate of 
0.02°/s was applied to record the patterns in the 2θ angle 
range from 5° to 90°.

Use a Thermo Scientific Nicolet iS20 infrared spec-
trometer to measure the infrared absorption of the sam-
ple. Take 1–2 mg of sample and potassium bromide pow-
der, mix them evenly, put them into the mold, and press 
them into pieces on the tablet press for testing. Scanning 
range: 4,000–400 cm–1, the number of scans was 32, and 
the resolution was 4 cm–1.

The gold spraying treatment is carried out on the sur-
face of the sample. The structure and morphology of the 
adsorbent before and after the reaction were studied by 
scanning electron microscope (SEM) Thermo Scientific 
Apreo 2C, and the types and contents of elements were 
analyzed by EDS.

2.4. Chloride ion detection method

Chloride ion concentration was measured by the national 
standard GB/T11896-89 (Determination of Chloride in 
Water Quality by Silver Nitrate Titration). Using potassium 
chromate as an indication, a certain amount of potassium 
chromate was added to the solution under test, and then a 
predetermined concentration of silver nitrate solution was 
steadily added until the solution under test turned brick 
red, precipitated, and stopped. signifies the achievement of 
the titration endpoint. The chloride content C at equilibrium 
is shown in Eq. (1). The determination was repeated three 
times for each sample, and the average value was taken.
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V
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where V1 is the amount of silver nitrate standard solution 
consumed by deionized water (mL), V2 is the amount of 

silver nitrate standard solution consumed by the sample 
(mL), M is the concentration of silver nitrate standard solu-
tion (mol/L), V is the sample volume (mL), 35.45 is Cl– relative 
atomic mass (g/mol).

The removal rate of chloride ions is shown in Eq. (2):
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where C0 is the initial mass concentration of chloride ion 
(mg/L), C is the mass concentration of chloride ion at 
equilibrium (mg/L).

The unit adsorption Qe (mg/g) when the chloride ion 
reaches equilibrium is shown in Eq. (3).

Q
C C V
me

e�
�� �0  (3)

The unit adsorption Qt (mg/g) of chloride ion at time t is 
shown in Eq. (4).

Q
C C V
mt

t�
�� �0  (4)

where C0 is the initial mass concentration of chloride ion 
(mg/L), Ce is the concentration of chloride ion at equilib-
rium, Ct is the mass concentration of chloride ion at time 
t (mg/L), V volume of salt solution (L), m is the addition 
amount of adsorbent (g).

3. Results and discussion

3.1. Structural characterization before and after adsorption

3.1.1. SEM/EDS analysis of precipitates before and after 
adsorption

The SEM images of the precipitates before and after 
adsorption are shown in Fig. 2. The morphology of Sed-B 
generated by adding Mix-A to deionized water without 
adsorption of chloride ions is shown in Fig. 2a. From the 

 

(a) (b)

Fig. 1. Schematic diagram of feeding mode (The Mix-A stands for the mixture of CaO and NaAlO2; Sed-B represents the pre-
cipitate after adding Mix-A to deionized water for reaction; Sed-C represents the precipitate after the reaction of Mix-A in 
sodium chloride solution; Sed-D represents the precipitate after adding Sed-B to sodium chloride solution for reaction.).
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image, it can be seen that the structure of the reaction prod-
uct is formed by layered stacking, which conforms to the 
morphological characteristics of Ca4Al2(OH)14 with layered 
structure [30,31]. Sed-B was added to a sodium chloride 
solution after drying at 50°C, and the shape of Sed-D that 
resulted from the adsorption of chloride ions is depicted 
in Fig. 2b. The flakes’ density and visible structural ele-
ments can be viewed. Some of them were 1–3 um-sized 
flat hexagons. This shape matched Friedel’s salt’s phys-
ical traits and was typical of LDH structures [32–34], As 
shown in Fig. 2b, the part marked by the red ellipse. The 
Sed-C created by mixing Mix-A with sodium chloride 
solution and adsorbing chloride ions is depicted in Fig. 
2c. The precipitates are primarily layered as seen in the 
image, while some are flat hexagons and clusters that are 
more concentrated than in Fig. 2b.

The energy spectrum scan before and after adsorption 
shows that, as shown in Fig. 3, there was no spectrum line 
for chlorine in Sed-B. However, there was more spectrum 
line of chlorine element in Sed-C, indicating that calcium 
oxide and sodium aluminate can fix chloride ion in the 
reaction sediment in sodium chloride solution.

3.1.2. XRD analysis of precipitates before and after adsorption

As shown in Fig. 4a, through XRD pattern analy-
sis, the main components of the Sed-B are Ca3Al2(OH)12, 
Ca4Al2(OH)14 and Ca(OH)2. The prominent characteristic 

peaks in Sed-C and Sed-D all appear at 11.205°, 23.317°, and 
30.957°, and the corresponding crystal planes are (006), (114), 
(222), which are consistent with the patterns of Friedel’s salt 
match very well [35–37]. This indicates that Friedel salts 
exist in both Sed-C and Sed-D. According to the XRD pat-
tern analysis, Ca4Al2Cl2(OH)12, Ca3Al2(OH)12, Ca4Al2(OH)14, 
and Ca(OH)2 are the essential components of Sed-C and Sed-
D. Therefore, Mix-A and Sed-B can adsorb chloride ions in 
a sodium chloride solution to form Friedel’s salt. Compared 
with Fig. 4a, the diffraction peak height in Sed-C and Sed-D 
is enhanced, indicating that the crystallinity is increased. 
The low angle diffraction peak moves to the left by 0.522°. 
According to the calculation of the Bragg equation, the layer 
spacing 006 increases from 7.545–7.834 Å, which is very 
consistent with the layer spacing of 7.81 Å of Friedel’s salt 
reported in the literature [28] (JCPDS No 78-1219), which 
is sufficient to indicate that a specific inter-layer structure 
may undergo ion exchange to form Friedel’s salt.

3.1.3. FTIR of the precipitate before and after adsorption

Fig. 4b shows the changes in FTIR functional groups 
before and after adsorption. The position of 3,544 cm–1 is 
the stretching vibration peak of OH. After adsorption, the 
peak moves to 3,505 cm–1, and intensity is significantly weak-
ened, possibly due to the insertion of chloride ions into the 
inter-layer structure and the OH exchange between the lay-
ers. The stretching vibration peak of OH is reflected by the 

 
Fig. 2. SEM images before and after adsorption. SEM morphology of (a) Sed-B, (b) Sed-D and (c) Sed-C.
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overlapping bands of 3,643 and 3,505 cm–1 [38]. The peak 
of 1,628 cm–1 after adsorption is more than before, which 
may be caused by the bending vibration of water mole-
cules H–O–H in the inter-layer of Friedel’s salt formed after 
adsorption. The peaks at 1,418 cm–1 before and 1,414 cm–1 
after adsorption are due to CO3

2–, indicating that a small 
amount of CO2 in the air is also involved in the reaction 
process [39]. The 531 and 794.14 cm–1 peaks after adsorp-
tion are due to the stretching and bending vibration of  
Al–OH [21].

3.2. Univariate analysis

3.2.1. Effect of reaction time on chloride ion adsorption 
efficiency

Set the test conditions to be consistent (take 200 mL 
of sodium chloride solution; initial pH = 7, t = 25℃; 

the concentration of sodium chloride is 300 mg/L, 
m(NaCl):m(NaAlO2):m(CaO) = 1:6.5:16.25). The experimen-
tal results are shown in Fig. 5a when the Mix-A is added to 
the sodium chloride solution. NaAlO2 and CaO will react 
with chloride ions continuously with increased stirring time. 
At first, the removal rate of chloride ions will increase with 
the extension of stirring. When the stirring time reaches 
60 min, the adsorption efficiency and unit adsorption mass 
of chloride ions reach their maximum, which are 80.0% 
and 20.81 mg/g, respectively, With the continuous exten-
sion of the stirring time, the adsorption efficiency and unit 
adsorption mass of chloride ions decreased slightly.

When 1.365 g of Sed-B is added to the sodium chlo-
ride solution, as shown in Fig. 5b, the adsorption rate and 
unit adsorption capacity also gradually increase with the 
extension of the reaction time. After 60 min of reaction, the 
adsorption efficiency is only 16.67% and the unit adsorption 

 
Fig. 3. EDS of Sed-B (a) and Sed-C (b).

 
Fig. 4. XRD of Sed-B/Sed-D/Sed-C (a) and FTIR of Sed-B/Sed-C (b).
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capacity is 4.45 mg/g. Compared with Mix-A, Sed-B has 
a poor adsorption effect. Therefore, the adsorption effect 
of Mix-A is much better than Sed-B’s.

3.2.2. Effect of mass ratio of NaAlO2 to CaO on chloride ion 
removal efficiency

Set the same experimental conditions (take 200 mL of 
sodium chloride solution, initial pH = 7, T = 25℃, stirring 
time = 60 min, sodium chloride concentration is 300 mg/L, 
m(NaCl):m(NaAlO2) = 1: 6.5). The experimental results are 
shown in Fig. 6a. With the gradual increase of CaO in the 
proportion, it can be found that the adsorption efficiency of 
chloride ions and the unit adsorption capacity are increased 
until m(NaAlO2):m(CaO) is 1:2.5. The adsorption efficiency 
and unit adsorption mass reached their maximum, which 
are 70.45% and 22.85 mg/g, respectively. The maximum unit 
adsorption mass was 22.85 mg/g, and the adsorption efficiency 
decreased slightly when the ratio of CaO was increased. The 
optimal feeding ratio is obtained through experiments. When 
m(NaAlO2):m(CaO) reaches 1:2.5, the adsorption efficiency 

reaches the highest, and the capacity of chloride ions reaches 
saturation. Continuing to increase CaO, the adsorption effi-
ciency of chloride ions does not increase but tends to decrease. 
It may be because too much CaO reacts with NaAlO2. At the 
same time, the resulting inter-layer structure is unstable, 
resulting in an increase in the OH– concentration in the exter-
nal solution and a decrease in adsorption efficiency.

3.2.3. Effect of reaction temperature on chloride ion adsorption 
efficiency

Set the same experimental conditions (sodium chlo-
ride solution 200 mL, initial pH = 7, stirring time = 60 min, 
sodium chloride concentration is 300 mg/L, m(NaCl): 
m(NaAlO2):m(CaO) = 1:6.5:16.25). The experimental results 
are shown in Fig. 6b. The adsorption efficiency of this 
method fluctuates slightly due to temperature changes. 
When the temperature is 25℃, the removal efficiency 
and unit adsorption mass of chloride ions reach the high-
est, which are 87% and 22.62 mg/g, respectively. It can 
be seen that when the temperature is slightly increased, 

 
Fig. 5. Effect of reaction time on chloride ion adsorption efficiency and unit adsorption mass: Mix-A (a) and Sed-B (b) were added.

 
Fig. 6. Effect of mass ratio of NaAlO2 to CaO (a) and reaction temperature (b) on chloride ion adsorption efficiency and unit adsorp-
tion mass.
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the adsorption capacity of the method for chloride ions 
increases, but when the temperature is too high, it decreases. 
It may be that the reaction is exothermic. When the tempera-
ture exceeds a certain value, the reaction rate slows down 
and less substances that can adsorb chloride ions are gener-
ated, reducing the adsorption rate.

3.2.4. Effect of reaction time and sodium chloride 
concentration on the efficiency and unit adsorption 
mass of chloride ions

Set the same experimental conditions (200 mL sodium 
chloride solution, T = 25℃, stirring time = 60 min, m(NaCl): 
m(NaAlO2):m(CaO) = 1:6.5:16.25). The experimental results 
are shown in Fig. 7. When the concentration of sodium 
chloride solution is 100 mg/L, the adsorption efficiency 
of chloride ions can reach 93.3%. As the concentration of 
sodium chloride continues to increase, its adsorption effi-
ciency for chloride ions decreases all the time, but the 
adsorption capacity per unit mass increases gradually. 
Because the total mass of NaAlO2 and CaO added to the 
sodium chloride solution with different concentrations 
is the same. However, with the increase in the concentra-
tion of sodium chloride solution, the total concentration of 
chloride ions in the solution also increases, and the maxi-
mum amount of chloride ions adsorbed by the mixture of 
NaAlO2 and CaO with the same mass is certain. Based on 
the same reaction time, a certain mass of adsorbent will 
also adsorb more chloride ions in a higher concentration 
of sodium chloride solution, and the unit adsorption mass 
will increase. When the concentration of sodium chloride 
solution is 2,000 mg/L, the maximum unit adsorption 
capacity that can be achieved is 63.50 mg/g.

3.2.5. Effect of initial pH on adsorption efficiency of UHLA 
for chloride ion

A certain proportion of calcium oxide and sodium chlo-
rate was added to different concentrations of sodium chloride 

solution, and the reaction temperature was set at 25℃. Change 
the initial pH of the solution (4–12) to observe the effect of 
the pH change on the adsorption of chloride ion, as shown 
in Fig. 8. It can be seen that when the initial pH of the solu-
tion is 10, the adsorption efficiency and adsorption amount 
of chloride ion by UHLA reach their maximum. With the 
decrease of initial pH, the adsorption efficiency of Lime alu-
minium salt on chloride ions decreased, and the adsorption 
capacity decreased. When pH was greater than 10, with the 
increase of pH, the adsorption efficiency of Lime aluminium 
salt for chloride ions decreased. which might be due to acidic 
or neutral conditions will inhibit the formation of Freund’s 
salt, while under strong alkaline conditions, the concentra-
tion of hydroxide ions increases, and there is a competitive 
relationship between chloride ions and hydroxide ions. Too 
many hydroxide ions will cause them to enter the Freund’s 
salt layer to replace chloride ions and reduce the removal rate 
of chloride ions from the surface. Therefore, the adsorption 
conditions are best when the initial pH of the solution is 10.

 
Fig. 7. Adsorption efficiency (a) and unit adsorption capacity (b) of adsorbent in different reaction time and different concentrations 
of sodium chloride solution.

 

Fig. 8. Effect of different pH values on removal of chloride ion.
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3.3. Principle analysis

According to the principal component analysis of pre-
cipitate B in XRD patterns, as shown in Fig. 9. In aqueous 
solution without chloride ions, Ca(OH)2 and Al(OH)3 gen-
erated by the reaction continued to proceed in an aqueous 
environment to produce Ca4Al2(OH)14, as shown in Eqs. (5–7). 
As the reaction continues and the generated Ca4Al2(OH)14 
continues to react with Al(OH)4− in solution to produce 
Ca3Al2(OH)12, then the Ca4Al2(OH)14 content in precipitate B 
will decrease as shown in Eq. (8).

CaO H O Ca OH� � � �2 2
 (5)

NaAlO H O Al OH Na OH2 2 3
2� � � � � �� �  (6)

4 2
2 3 4 2 14

Ca OH Al OH Ca Al OH� � � � � � � � �  (7)

3Ca Al OH Al OH Ca Al OH OH4 2 14 4 3 2 12
2 4 2� � � � � � � � � �

� �  (8)

In aqueous solution containing chloride ions, Sed-B 
showed a much poorer adsorption effect on chloride ions 
than Mix-A. XRD patterns indicated that the amount of 
Ca4Al2Cl2(OH)12 in Sed-C was less than that in Sed-D, 
which indicated that both Sed-B and the product of Mix-A 
adsorbed chloride ions were Ca4Al2Cl2(OH)12.

By reviewing the literature [8,11] it is known that 
Ca4Al2(OH)14 is a stable structural compound with 
[Ca2Al(OH)6]+ as the host layer and OH– as the interlayer ion 
[30,31], both of which are maintained by hydrogen bond-
ing, and the interlayer ion has some exchange ability, and 
the interlayer OH− can be exchanged with Cl− in solution 
to produce a kind of Ca4Al2Cl2(OH)12 with a less solubility 
product than Ca4Al2(OH)14 [40]. Adding Mix-A to the water 
containing chloride ions with the solution, the chloride ions 
in the adsorbable solution of Ca4Al2(OH)14 generated by the 
reaction transform to Ca4Al2Cl2(OH)12, and this reaction is 
rapid, such in Eq. (9). The poor adsorption effect of Sed-B 
was because after Mix-A reacted with Ca4Al2(OH)14 pro-
duced in deionized water, it continued the reaction of Eq. (8). 

 
Fig. 9. Main components of each sediment.

 

Fig. 10. Schematic diagram of Ca4Al2(OH)14 adsorption mechanism of chloride ions.



185P.Y. Zhang et al. / Desalination and Water Treatment 312 (2023) 177–186

Again to produce Ca3Al2(OH)12 with no adsorption effect on 
chloride ion. The amount of Ca4Al2(OH)14 in Sed-B was less, 
so the adsorption of chloride ions was also less effective.

When Mix-A was added to the aqueous solution con-
taining chloride ions, the generated OH– was gradually 
increased with the prolongation of reaction time, and 
Ca4Al2Cl2(OH)12 formed by absorbing chloride ions began 
to react with Al(OH)4 and OH– in the solution to desorb the 
adsorbed chloride ions, as shown in Eq. (10). A small amount 
of Ca4Al2(OH)14 that did not react with the chloride ions 
also reacted with Al(OH)4 to generate Ca3Al2(OH)12.

Ca Al OH Cl Ca Al Cl OH OH4 2 14 4 2 2 12
2 2� � � � � � � �� �  (9)

3Ca Al Cl OH Al OH OH

Ca Al OH Cl
4 2 2 12 4

3 2 12

2 4

4 6
� � � � � �

� � � � �

� �

�  (10)

As the above chemical formula shows, too much NaAlO2 
will not improve the adsorption efficiency but will affect 
the adsorption. It is also essential to effectively control the 
appropriate ratio of CaO to NaAlO2 to adsorb chloride ions. 
Mix-A and Sed-B can generate Ca4Al2(OH)14 with a layered 
structure in sodium chloride solution. The substance that 
can effectively adsorb chloride ions in the whole system is 
Ca4Al2(OH)14. The model of Ca4Al2(OH)14 adsorbing chloride 
ions is shown in Fig. 10.

4. Conclusion

• The single factor experiment results show that under the 
same conditions, in 300 mg/L sodium chloride solution, 
the maximum adsorption efficiency of Sed-B is 16.67%, 
and the unit adsorption capacity is 4.45 mg/g. the max-
imum adsorption efficiency and unit adsorption mass 
of Mix-A for chloride ions were 80.0% and 20.81 mg/g, 
respectively. When the temperature is 25℃, the initial pH 
is 10, the stirring time is about 60 min, and the mass ratio 
of adsorbent is m(NaAlO2):m(CaO) = 1:2.5, Mix-A has 
the best adsorption effect on chloride ions. The adsorp-
tion efficiency can reach 93.3% in a 100 mg/L sodium 
chloride solution. With the increase of chloride concen-
tration, the adsorption efficiency gradually decreases, 
but the unit adsorption mass gradually increases. When 
the concentration of sodium chloride is 2,000 mg/L, 
the unit adsorption mass can reach 63.50 mg/g at most.

• Adding CaO and NaAlO2 to a sodium chloride solution 
can effectively adsorb chloride ions. The mechanism 
is that CaO and NaAlO2 react in solution to generate a 
kind of Ca4Al2(OH)14, which has a layered structure, and 
the OH– between layers can carry out ion exchange with 
chloride ions in external solution. To form Friedel’s salt 
(Ca4Al2Cl2(OH)12). Using this principle, excess chloride 
ions in wastewater can be effectively removed with low 
cost and simple method, which is beneficial to indus-
trial applications and wastewater treatment. We believe 
that how to effectively prepare and extract Ca4Al2(OH)14 
also has further research significance, and it will have 
greater application to be used as chlorine absorbing 
filler in high chlorine environment.
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