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Abstract  
The eutrophication of water bodies has become a serious global pollution problem. How to deal with 

eutrophication of water bodies scientifically and effectively is now an important issue in the environ mental 

field. Various methods have advantages and disadvantages, and the adsorption method has the performance of 

convenient operation and simple application conditions. Compared with other methods, it has the advantages of 

higher selectivity and recyclability. Among them, magnesium oxide-loaded activated carbon has a strong ability 

to re move phosphate. This subject studied the effects of initial solution pH, phosphate concentration, reaction 

time, dosage, and coexisting ions on the removal of phosphate by magnesium oxide loaded activated carbon. 

The results show that the magnesium oxide loaded activated carbon has a high removal efficiency for 

phosphate, and it is affected by the initial solution pH, dosage and some coexistingions. 
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I. INTRODUCTION  

Phosphate is a nutrient for the growth of animals and plants. In nature, the main forms of phosphorus 

are phosphate and various organic phosphorus compounds. With the development of mining, chemical 

manufacturing, machinery and electronics industries. Excessive phosphate released into water will lead to water 

eutrophication in oceans, rivers and lakes. Water eutrophication will cause different damage depending on the 

environment. For example, water eutrophication will provide rich nutrition for algae. The excessive 

reproduction of algae occupies the living space of other organisms, the self purification ability of water body is 

weakened, the water quality is gradually deteriorated, and even seriously destroys the original ecological 

balance and species diversity of aquatic organisms, threatening the growth and health of aquatic organisms and 

human beings. In recent years, water eutrophication has become a serious global pollution problem. In 2007, the 

outbreak of cyanobacteria in Taihu Lake has warned people of the severity of water eutrophication [1]. 

Therefore, the treatment of phosphorus containing wastewater is becoming more and more urgent. How to 

scientifically and effectively treat water eutrophication is an important topic in the field of environment. 

At present, the main phosphorus removal methods include: chemical precipitation method, membrane 

separation method, biological method, adsorption method, etc. [2] In recent years, the commonly used 

adsorbents are activated carbon, zeolite, slag, fly ash and activated alumina. This is mainly due to the large 

specific surface area, strong adsorption capacity, convenient manufacture and low cost of these materials. 

Compared with other phosphorus removal methods, the advantage of this adsorption method is that it has no 

secondary pollution, especially the physical adsorbent, which can be recycled after dephosphorization. [3] 

However, the phosphorus removal effect of adsorption method also has some limiting factors: adsorbent and 

wastewater quality. This is the key reason that limits the wide application of adsorption phosphorus removal. If 

the important technical problems of improving the adsorption efficiency and regeneration efficiency of 

adsorbents with different water quality can be solved, the space for adsorption and phosphorus removal will be 

larger. [4] Various methods have advantages and disadvantages, and adsorption method has the properties of 

convenient operation and simple application conditions. Compared with other methods, it has the advantages of 

high selectivity and recyclability. Soybean residue is an industrial waste with high protein content and high 

nitrogen content [5,6,7]. Therefore, soybean residue is used as raw material for manufacturing activated carbon 

in this work. 
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II. MATERIALS AND METHODS 

2.1. Preparation of bean dregs derived activated carbon 

Dissolve 10 g MgCl2 reagent in water and stir 10 g soybean residue at room temperature (25 ℃), put 

the colloid obtained after stirring into the mold, and put the mold into the tubular furnace. Under the protection 

of N2, heat it to 800 ℃ at the rate of 5 ℃ / min and calcine it for 1 h, and finally obtain magnesium oxide loaded 

activated carbon. Add 20 g of soybean residue into the colloid and put it into the mold, and put the mold into the 

tubular furnace. In the tubular furnace, it is heated to 800 ℃ at the rate of 5 ℃ / min under the protection of N2 

and calcined for 1 h, and finally the solid product activated carbon is obtained. They are named BDC-MgO and 

BDC according to their components. 

 

2.2. Batch adsorption test 

Add 100 ml of K2HPO4 solution with concentration of 2 mol / l into 6 beakers respectively, adjust the 

pH to 1, 2, 4, 7, 10 and 12 respectively with 0.1 mol / L and 1 mol / L HCl solution and 0.1 mol / L NaOH 

solution measured by pH meter, and add 0.02 g of dried BDC-MgO into a group of triangular conical flasks (the 

group without BDC-MgO is used as the control group), Then use a pipette to transfer 20ml of K2HPO4 solution 

with adjusted pH value to the corresponding two groups of triangular conical flasks, put all the two groups of 

triangular conical flasks into the shaking table, adjust the temperature to 25 ℃ and take them out after shaking 

at a constant speed for 192 h, and then draw the calibration curve and determine the sample. 

For the determination of phosphate concentration in solution, molybdenum antimony anti 

spectrophotometry is used in this experiment [8,9]. According to the chemical characteristics of phosphate, 

molybdate solution and ascorbic acid solution are used to make color developing agent to form blue complex, 

which is usually called phosphorus molybdenum blue. The main steps are: 

(1) drawing of calibration curve: take 7 50 ml volumetric flasks, add 0, 0.5, 1, 3, 5, 10 and 15 ml of 

phosphate standard solution respectively, and add deionized water to 50 ml respectively. 

① Color development: add 1 ML10% ascorbic acid to each colorimetric tube and mix well. After 30 s, 

add 2 ml molybdate solution to each tube, fully mix and place for 15 min. 

②  Measurement: measure the absorbance with a 10 mm or 30 mm cuvette and an ultraviolet 

spectrophotometer at the wavelength of 700 nm with a zero concentration solution as the reference. 

⑵ sample determination: take 50 supernatants of the samples filtered by the filter membrane μ L add it 

into a 25 ml colorimetric tube, dilute it to the mark with deionized water, add 0.5 ML10% ascorbic acid to the 

test tube respectively, and mix well. After 30 s, add 1 ml molybdate solution, fully mix and place for 15 min. 

Follow the steps of drawing a calibration curve for color development and measurement. Subtract the 

absorbance of the blank experiment and find out the phosphate concentration contained in the correction curve. 

The formula for calculating phosphate adsorption value is as follows: 
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where Qe (mmol/g) is the equilibrium adsorption capacity for Phosphate of activated carbon, m (g) is 

the mass of the activated carbon, V (L) is the volume of the Phosphate solution, C0 (mmol/L) represents the 

initial concentration of Phosphate, Ce (mmol/L) is the adsorption equilibrium concentration of Phosphate. 

 

III. RESULTS AND DISCUSSION 

3.1. Effect of solution pH 

pH is an important factor affecting the adsorption capacity of adsorbent. [10] The pH in the solution 

can not only affect the ionization morphology of phosphate, but also affect the adsorption performance of 

adsorbent through the distribution characteristics of surface charge of adsorbent [8]. The experiment was carried 

out at pH 1-12. The results showed that the adsorption process of phosphate depended on the pH in the reaction 

system. When the pH in the reaction system is 1.0 and 2.0, the phosphorus adsorption capacity of BDC-MgO is 

very small. It can be seen from Fig. 1 that the QE value in this pH range is zero. This is because the phosphate 

form is mainly H3PO4, which is not easy to be adsorbed by BDC-MgO. When the pH increases to 2.0-10.0, the 

adsorption value of BDC-MgO for phosphate shows an upward trend. At this time, the main form of phosphate 

is H2PO4 -, which is easy to be adsorbed by metal oxides because of its low adsorption free energy. [11] At the 

same time, the active component (MgO) of BDC-MgO is easy to be lost in strong acid environment. Increasing 

pH value can stabilize MgO and reduce its loss. Therefore, in this pH range, if you want to improve the 

adsorption efficiency of phosphate, you can increase the pH value. When the pH is in the range of 10.0-12.0, the 

adsorption capacity of BDC-MgO for phosphate gradually decreases with the increase of pH value, because the 

pH value in this range is greater than the zero charge of BDC-MgO. Because the surface of BDC-MgO has been 

deprotonated and negatively charged, the electrostatic repulsion force between BDC-MgO and phosphate will 
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be generated. In addition, the effective adsorption sites for phosphate are affected by the increase of hydroxyl 

ions in the solution, which further limits the adsorption efficiency of BDC-MgO. Another reason for the gradual 

reduction of phosphorus adsorption efficiency [12,13] is that under strong alkaline conditions, more adsorption 

sites (S2-HPO4、S3-PO4) are required due to the existing form of phosphate. Similar conclusions have also 

been verified by Shi Chuan [14,15] and others. 

 

 
Fig. 1: The effect of different pH on the adsorption of phosphorus by BDC-MgO 

3.2 Effect of dosage 

It can be concluded from Fig. 2 that the adsorption value of BDC-MgO for phosphate mainly decreases 

with the increase of BDC-MgO dosage. [16,17] The main reason is that when the phosphorus concentration in 

the water is constant, increasing the dose of BDC-MgO means the increase of the total specific surface area and 

adsorption sites of BDC-MgO. When the dosage of BDC-MgO is sufficient, the surface of BDC-MgO provides 

sufficient adsorption sites to completely adsorb the phosphorus in the solution, but it continues to increase on 

the basis of sufficient dosage of BDC-MgO, There will be many spare adsorption sites on its surface, so the 

adsorption rate of BDC-MgO will be reduced. [18] 

It can be seen that when the dosage of BDC-MgO is 20 mg, the adsorption value of BDC-MgO for 

phosphate in water is 139 m/g, and when the dosage of BDC-MgO is 30 mg, the adsorption value of BDC-MgO 

for phosphate in water is 143 mg/g. it can be seen that when the dosage of BDC-MgO is increased from 20 mg 

to 30 mg, the removal effect of BDC-MgO on phosphate is slightly improved, [19] It indicates that the 

adsorption point is close to sufficient at this time; However, when the dosage exceeds 30 mg, the adsorption 

effect of BDC-MgO on phosphate gradually decreases, [20]indicating that there are spare adsorption sites on the 

surface of BDC-MgO, so the adsorption rate of BDC-MgO will decrease. 
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Fig. 2 The effect of BDC-MgO on phosphorus adsorption under different dosages 

3.3 Influence of coexisting ions 

Since the actual water to be treated usually contains anions such as NO3
-
, Cl

-
, SO4

2-
 and HCO3

-
,[21] this 

topic will explore the adsorption state of BDC-MgO on phosphate in the presence of coexisting anions through 

controlled experiments. 

As shown in Fig.3, SO4
2-

 has little effect on phosphate in adsorbed water[22]; NO3
-
 and Cl

-
 can 

promote the adsorption of phosphate in water by activated carbon; HCO3 - inhibits the adsorption of phosphate 

in water by activated carbon. At this time, the reason for the limited adsorption performance of BDC-MgO for 

phosphate: CO3
2-

 produced by HCO3
-
 ionization may compete with phosphate for the effective active site in 

BDC-MgO. 

 

 
Fig. 3 The effect of different coexisting anions on the adsorption of phosphorus by BDC-

MgO 

 

IV. CONCLUSION 

In this study, batch laboratory tests have proved that MgO supported activated carbon has good 

phosphate adsorption properties. However, there are still some problems in relevant experiments, and further 

experimental research is needed to be improved: 
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(1) In the experiment of this subject, the effects of initial solution pH, initial phosphate concentration, 

reaction time, dosage and coexisting ions on the removal of phosphate by MgO loaded activated carbon were 

studied. Other factors also affected the adsorption of MgO loaded activated carbon, such as temperature in 

adsorption state The particle size of adsorbent is used to determine the optimal conditions for magnesium oxide 

supported activated carbon to adsorb phosphate. 

(2) In the adsorption experiment, only the adsorption characteristics of MgO supported activated 

carbon were studied, and the desorption characteristics also need to be further studied. 

(3) In the experiment of this study, because the test results have certain limitations during the limited 

experimental period, further testing is necessary to optimize the long-term results. 

(4) The research of this subject is limited to the laboratory, and the follow-up research should expand 

the test scale to verify the phosphate adsorption effect of MgO loaded activated carbon in practical application. 

At the same time, this study focuses on the physical and chemical properties of BDC-MgO and its phosphoric 

acid adsorption performance and mechanism, while ignoring the economic benefits of relevant material types. 

Subsequent research can further supplement relevant research contents and provide sufficient theoretical basis 

for practical application in this field. 
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