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Abstract Removal of phosphate from environmental water has become more important to prevent eutrophication. In the

present study, sorption behavior of phosphate onto magnesite was investigated under different conditions. The optimum pH of

phosphate adsorption was determined to be 6.0. The adsorption capacity was found to decrease with increasing temperature,

which indicates that a low temperature was beneficial for phosphate adsorption. The sorption capacity for phosphate was found

to be 10.2 mg/g at an initial concentration of 100 mg/L and a dose of 2 g/L. The first order kinetic equation and Freundlich

isotherm model fit the data well. Phosphate adsorption on magnesite was explained by electrostatic attraction and weak physical

interactions.
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1. Introduction

Phosphorus (P) is of vast importance in freshwater

ecosystems, as it is often the limiting nutrient in phyto-

plankton growth. Small increases in the phosphorus

concentration of waters can lead to eutrophication. Eutro-

phication has become a serious global environmental

problem. Therefore, extra phosphate in water should be

removed with an appropriate method. The typical removal

methods of phosphate are biological treatments such as

the conventional activated-sludge process and chemical

treatments.1) However, for low concentration of phosphate,

bio-treatment and precipitation are not much effective.2)

Adsorption using various adsorbent is now becoming a

promising method for phosphate removal due to its fast

kinetics, low cost, little sludge production.3) Various solid

adsorbents, including fly ash, cationized wood, steel slag,4)

Al-bentonites,5) TMA coated alumina, dolomite- and

goethite have been investigated for phosphate adsorption.

Magnesite has the chemical formula of MgCO3 and is

the primary source for the production of magnesium and

its compounds. These products are widely used in many

elds from basic refractory bricks to pharmaceuticals and

also from catalysts to fertilizer industries.6) Magnesite is

a potential adsorbent for phosphate removal used in

environmental pollution control. It can reduce the cost of

sewage treatment, and improve the purification efficiency

on the development and utilization of minerals. 

The aim of this work was to study the removal of

phosphate in aqueous solution by magnesite. In this work,

the effects of initial pH of solution, temperature, and

initial concentration of phosphate on adsorption behavior

were investigated. Sorption kinetic model and sorption

isotherms were employed to find the underlying sorption
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mechanism of phosphate.

2. Materials and Methods

The natural magnesite samples used in this study were

acquired from Haicheng Magesite Mine, Liaoning Pro-

vince, China. All other chemicals used in this study were

of analytical grade. The stock solution of phosphate was

prepared by dissolving KH2PO4 in deionized water. The

pH of the solution was adjusted in the range between 3.0

and 9.0 using diluted HCl and NaOH solution. A certain

amount of magnesite was equilibrated with phosphate

solution in a glass stoppered bottle (250 mL) under mag-

netic stirring for a fixed period of time at different

temperatures. After centrifugation, the supernatants were

analyzed by molybdenum blue method to determine the

remaining concentrations of phosphate. The amount of

phosphate adsorbed was calculated using following equa-

tion7):

(1)

where qe is the sorption capacity at equilibrium (mg/g),

C0 is the initial concentration of phosphate (mg/L), Ce is

the equilibrium concentration of phosphate (mg/L), V is

the volume of phosphate solutions, and m is the mass of

the magnesite (g).

The crystallinity and lattice parameters of the magnesite

structure was analysed by Powder X-ray diffraction

(XRD, Bruker D8 advance, German). The fourier trans-

form infrared spectroscopy (FT-IR, Nicolet 6700, USA)

was used to determine the main functional groups involved

in the adsorption process. EDS is used to analyze the

variation in chemical elemental composition of magnesite

surface before and after phosphate adsorption. Scanning

electron microscope (SEM, JEOL JSM-6700F, Japan) is

employed to determine the surface structure difference of

magnesite (Before and after phosphorus adsorption).

3. Results and Discussions

3.1 Effect of initial pH

The pH of an aqueous solution is a significant con-

trolling factor for the phosphate adsorption by magnesite.

It is interesting that the amounts of adsorption increases

with increasing the initial pH value up to 6.0 and then it

decreases progressively. As shown in Fig. 1, the amount

of phosphate adsorbed at pH 6.0 was the greatest. The

pH dependency of phosphate adsorption may be explained

by the change of phosphate ion species from H2PO4
− to

HPO4
2− and PO4

3− in solution. A probable adsorption

mechanism was also proposed to account for the adsorp-

tion process in Fig. 2. For magnesite, the point of zero

charge is estimated to be as 5.8.8) The surface of the

magnesite is positively charged when pH < pHpzc. There-

fore, in the higher pH range, for pH > pHpzc, the mag-

nesite surface is negatively charged. Magnesite particles

under these conditions (pH 3.0-6.0) will therefore have a

positive charge density and will be expected to experi-

ence a significant electrostatic attraction to surfaces with

negative charge density (H2PO4
− and HPO4

2−). The low

phosphate uptake in alkaline pH range may be attributed

to the competition of hydroxide ions with phosphate ions

for adsorption sites. Furthermore, the decrease of sorption

capacity of phosphate at high pH can also be attributed

to electrostatic repulsion between the surface of magnesite

with negative charge and negatively charged phosphate

anions such as HPO4
2− and PO4

3−.9) 
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Fig. 1. Influence of initial pH on phosphate adsorption (conditions:

[adsorbent] = 5 g L−1, [P]0 = 100 mg L−1, contact time = 8 h, T =

25
o
C).

Fig. 2. The electrostatic interaction between magnesite particles and

the phosphate ion species.
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3.2 Sorption kinetics

Rate of adsorption is an important physicochemical

parameter to evaluate the basic qualities of a good

sorbent. The profile of sorption capacity as a function of

time was shown in Fig. 3. Adsorption capacity increased

with increasing contact time within 8 hour, and then

changed slowly until to reach the sorption equilibrium. It

was notable that 90.86 % of phosphate was absorbed

within 6 hour. At the beginning of the adsorption experi-

ment, the adsorption rate was relatively fast because of a

rapid diffusion of phosphate from the solution to external

surfaces of magnesite, and then diffusion into the pores

of inner adsorbent surfaces becomes slowly when the

external surfaces of magnesite reached saturation. 

The kinetics of phosphate adsorption by magnesite was

described with pseudo-first order and pseudo-second order

model10) as follows:

ln (qe − qt) = ln qe − k1t (2)

(3)

where qt and qe are sorption capacity at time t and

equalibrium, respectively; k1 and k2 are rst order and

second order kinetic rate constant. Correlation coefficient

of the pseudo-first order model (R2 = 0.992) was relatively

greater than that of the pseudo-second order model (R2 =

0.487) (Fig. 4a and 4b). The adsorption system obeys

pseudo-first order model for the entire adsorption period

and it can be assumed that the adsorption process is due

to the physic-sorption.

3.3 Sorption isotherm

Adsorption equilibrium isotherm is one of the most im-

portant approaches to understand the mechanism of the

adsorption by its constants that express the surface prop-

erties and the affinity between the adsorbent and the

adsorbate. The Langmuir isotherm model and Freundlich

isotherm model11) are used frequently to describe the

adsorption data and the equations are given bellow:

(4)

(5)

where b is a Langmuir constant and qm is the theoretical

maximum adsorption capacity. KF and n are characteristic

constants of the system, where Kf is a measurement of

adsorption capacity. Langmuir and Freundlich constants

determined using the adsorption data at different tem-

t
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Fig. 3. Effect of contact time on the adsorption of phosphate (con-

ditions: [adsorbent] = 2 g L
−1

, [P]0 = 50 mg L
−1

, pH = 5.8, T = 25
o
C).

Fig. 4. Sorption kinetics of phosphate by magnesite at 298.15K, (a)

pseudo-first order equation, R
2

= 0.992; (b) pseudo-second order

equation, R2 = 0.487.
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peratures and the estimated parameters of the two

models, as well as the correlation coefficients, were listed

in Table 1. The value of R2 showed that the Freundlich

model fits better than the Langmuir model to the experi-

mental data. The parameter 1/n in Freundlich model is

the heterogeneity factor, which indicate the type of iso-

therm to be irreversible (1/n = 0), favorable (0 < 1/n < 1)

and unfavorable (1/n > 1).12) As shown in Table 1, the 1/

n value of the three was in the range of 0.871 to 0.773,

indicating that phosphate could be easily adsorbed on the

magnesite. The Langmuir model did not the experimental

data. This result suggested that phosphate adsorption was

not limited with monolayer coverage and the adsorption

occurred predominantly through physical interactions. 

3.4 Effects of temperature and initial phosphate

concentration

The adsorption of phosphate on magnesite was studied

at temperatures of 293.15, 303.15 and 313.15 K, and

these adsorption curves were shown in Fig. 5. Phosphate

sorption capacity increased slowly with increasing con-

centration of phosphate in the range from 10 mg/L to 40

mg/L, indicating that the phosphate adsorption had

reached saturation gradually. The observed decrease in

the adsorption capacity with an increase of the tempera-

ture from 293.15 to 313.15K indicated that the low tem-

peratures favor phosphate removal by adsorption onto

magnesite and this system was an exothermic process.

This may be due to a tendency for the phosphate ions to

escape from the solid phase to the bulk phase with an

increase in the temperature of the solution.13) This effect

suggested that the adsorption mechanism associated with

the removal of phosphate onto magnesite involved a

physical process, in which adsorption arose from the

electrostatic interactions, which was usually associated

with low adsorption heat. In previous studies, many

researchers reported that phosphorus adsorption on a

range of adsorbents was proved to be an endothermic

process and higher temperature was preferred for the

removal of phosphorus.14)

3.5 Sorption mechanism

In order to clarify the sorption mechanism of phosphate

on magnesite, the magnesite structure changes before and

after the saturation sorption of phosphate were examined

with SEM/EDS, XRD and FTIR analyses (Fig. 6, 7, and

8). The SEM was employed to determine the difference

of surface structure between before and after phosphate

adsorption onto magnesite (Fig. 6). The SEM images

revealed that the morphology of magnesite did not

change too much after phosphate adsorption. EDS analysis

indicated the presence of magnesium, carbon and oxygen

Fig. 5. The phosphate adsorption isotherm on magnesite at 293.15,

303.15 and 313.15K. (conditions: [adsorbent] = 0.8 g L−1, contact time

= 8 h, pH = 5.8).

Fig. 6. SEM/EDS analysis of magnesite before (a) and after (b)

adsorption of phosphate.

Table 1. Freundlich and Langmuir models regression constants for

phosphate sorption onto magnesite at three different temperatures.

Temperature 

[K]

Langmuir constants Freundlich constants

qm b R2 Kf 1/n R2

293.15 12.94 0.0112 0.509 0.171 0.871 0.949

303.15 7.182 0.0184 0.855 0.185 0.773 0.964

313.15 8.47 0.0129 0.932 0.148 0.815 0.989
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in magnesite. After saturation sorption of phosphate, the

new peak of phosphorus appeared and the signals of

magnesium, carbon, and oxygen did not declines signifi-

cantly. Fig. 7. displayed a range of X-ray diffraction

(XRD) patterns of magnesite before and after adsorption.

The lattice parameters of magnesite agreed well with

those of pure MgCO3 (JCPDS Card 08-0479). The peaks

at 2θ values of 32.6o, 35.8o, 38.8o, 42.99o, 46.8o, 51.6o,

53.9o, 61.3o, 62.4o, 66.4o, 68.4o, and 69.3o can be indexed

to (104), (006), (110), (113), (202), (024), (116), (211),

(122), (214), (208), and (119) crystal planes of MgCO3,

respectively. The intensity of the sharp peaks suggested

that the magnesite was well crystalline. No shift of the

peaks was observed, which means that there was no new

compounds formation after the saturation of phosphate

sorption. FTIR was carried out in order to determine the

main functional groups involved in the adsorption process

(Fig. 8). The strong stretching vibration of the CO3
2− is

assigned to the band at ~1430 cm−1. The presence of the

peak at 748-882 cm−1 is related to CO3
2− bending vibra-

tion. After the saturation of phosphate sorption, strong

stretching vibration of the CO3
2− still could be seen, a

new band at 1060 cm−1 was observed which attributed to

P-O stretching vibration.15) On the basis of the above

experimental observations as well as determination of the

kinetic and equilibrium isotherm parameters, adsorption

of phosphate by magnesite is caused by electrostatic

attraction.

4. Conclusions

The present work demonstrated that magnesite could

potentially be employed as a adsorbent in the removal of

phosphate ions according the various chemical and phy-

sicochemical properties. The amounts of adsorption in-

creased with increasing initial pH value up to 6.0 and

decreased progressively. The pH dependency of phosphate

adsorption could be explained by the electrostatic inter-

actions. Adsorption capacity increased with increasing

contact time and then changed slowly until it reaches to

the sorption equilibrium. The observed decrease in the

adsorption capacity with an increase of the temperature

indicated that the low temperatures favor phosphate

removal and this system was an exothermic process. The

removal of phosphate involved a physical process in this

case. The adsorption system obeyed pseudo-first order

model for the entire adsorption period assumed that the

adsorption process was due to physic-sorption. The ex-

perimental data did not the Langmuir model, which

showed that phosphate adsorption was not limited with

monolayer coverage and the adsorption occur predom-

inantly through physical interactions. The results of XRD

indicated that there was no new compounds formation

after saturation sorption of phosphate. FTIR reflected a

new band observed which attributed to P-O stretching

vibration. Most significantly, from all these studies we

found that magnesite was potential adsorbent which could

selectively adsorb phosphate in wastewater treatment and

pollution control. 
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Fig. 7. X-ray diffraction patterns of magnesite before and after

adsorption of phosphate.

Fig. 8. FTIR analysis of magnesite before and after adsorption of

phosphate.
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