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The adsorption characteristics of chromium (VI) and phosphate on calcined Mg-Al-CO3 layered double

hydroxides (CLDH) were investigated in single and binary systems. A series of batch experiments were

performed to study the influence of various experimental parameters. In this study, CLDH exhibited a high

adsorption capacity for Cr (VI) and P in a single system. The experimental data were close to the theoretical

adsorption capacity given by the Langmuir isotherm, the calculating adsorption capacities of Cr (VI) and P

were up to 70.42 mg/g and 97.09 mg/g, respectively. It was found that the initial pH was approximately 6 and

it took 24 h to reach equilibrium when P and Cr (VI) were added simultaneously. The experimental data were

best fitted by a pseudo-second-order kinetics model. Competitive adsorption between Cr (VI) and P existed in

the binary system. The presence of Cr (VI) had no significant influence on P adsorption. However, the

suppression of Cr (VI) adsorption was obvious when the initial concentration of P was up to 10 mg/L with a

concentration of 0.5 g/L of CLDH. 
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Introduction

Chromium (Cr) is a major pollutant in wastewater, and it

can be found generally in rocks, soil, plants, animals, and

gases.1,2 The most common oxidation states of chromium are

Cr (III) and Cr (VI). Cr (VI) is one of the most dangerous

heavy metals because of its strong oxidizability and high

toxicity.3-5 As is known Cr (VI) is mainly released to the

environment by textile processing, leather tanning, mining

operations, water-cooling, electroplating and pigment manu-

facturing,6-8 which may cause environmental and health

problems. The recommended limit of Cr (VI) in drinking

water is 0.05 mg/L.2 9,10 Methods for the removal of Cr (VI)

involve chemical precipitation, electrolysis, biochemical

process, and adsorption.11,12 Phosphorus is one of the major

nutrients for plant growth and it comes from agricultural

fertilisers, soaps, and detergents with formulations contain-

ing sodium tripolyphosphates, atmospheric nitrogen, erosion

of soils containing nutrients, and discharge from sewage

treatment plants.7,13 Though it is an essential macronutrient

responsible for healthy plant growth, concentration in an

excess of the described limit can result in the eutrophication

of lakes, rivers, and seas.14-16 The permissible limit for phos-

phate in drinking water is only 1.0 mg/L.7 Therefore, high

concentrations of phosphate (P) must be removed from

wastewater before its discharge.17 There are also numerous

methods used for removing phosphate, such as: chemical

precipitation, biological processes, adsorption, and crystalli-

zation.15

With the rapid development of industrialisation and

urbanisation in recent years, large amounts of Cr (VI) and P

were produced in wastewater. Compared to their permissible

limits, industrial and agricultural effluents contain much

higher concentrations of Cr (VI) and P. These substances

will adversely affect the quality of water and soil: they pose

a significant threat to environmental security. To mitigate the

adverse effects of P, an appropriate removal technology is

required. A wide range of physical and chemical processes is

available to eliminate Cr (VI) and P from wastewater, such

as: liquid–liquid extraction, hybrid anion exchange–preci-

pitation,10,18,19 and adsorption.7,16 Among these potential

separation technologies, adsorption is one of the most pro-

mising because of its initially low cost, flexibility, and ease

of operation.20-24 So the search for ideal adsorbents with high

adsorption capacity becomes necessary.

Layered double hydroxides (LDH) are considered one of

the most promising inorganic functional materials, due to

their special layered structure, large surface area and low-

cost. Their general formula can be normally expressed as

M2+
1-xM

3+
x(OH)2

x+(An−
x/n)·mH2O, where M2+ and M3+ are di-

valent and trivalent metal cations that occupy octahedral

sites in the hydroxide layers, An− is an exchangeable anion

located in the interlayer space between two hydroxide layers.

The CO3
2− anion is generally the interlaminate anion,10 the

interlayered CO3
2− anion can be removed by calcining at a

certain temperature.25 The calcined layered double hydr-

oxides (CLDH) can be rehydrated in water. During their

rehydration, the layered hydrotalcite structure is reconstruct-

ed with the incorporation of anions from the solution.9 This

is the so-called “memory effect”. LDH plays an important

role in medicine, pesticides, biological material science, etc.

In recent years, the applications of LDH have been extended

to the environmental sciences. With high anion exchange

capacity and a large surface area, LDH was successfully
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used as an adsorbent in water treatment. Moreover, the

calcined layered double hydroxides compound was found to

be a better adsorbent as, because of its memory effect, it

express high adsorptive capacity of dyes, ClO4
−, F−, etc.26-28

However, most studies focus on the adsorption of a single

pollutant, there are hardly any reports on the performance of

these compounds when used for simultaneous removal of Cr

(VI) and P.

In this work, the authors attempt to develop such ad-

sorbent materials of calcined Mg-Al-CO3 LDH (CLDH) for

the simultaneous removal of Cr (VI) and phosphate, investi-

gate the influencing factors (contact time, solution pH, and

initial anion concentrations), isotherm and kinetic modelling

of competitive adsorption, and provide a detailed analysis of

Cr (VI) and P adsorption characteristics on CLDH. The

adsorption mechanism was important when predicting the

adsorption process of various anions.

Experimental

Preparation of Materials. CLDH was synthesised by a

co-precipitation method. Mg(NO3)2·6H2O (25.6 g) and

Al(NO3)2·9H2O (18.75 g) were dissolved in deionised water

(Solution A). Solution B was prepared by dissolving NaOH

(20 g) in deionised water. Solution A and Solution B were

added to an Na2CO3 solution at a rate of 5 mL/min under

constant stirring, and the mixed solution was maintained at a

constant pH by NaOH and HNO3. The mixture was stirred

for 30 min after addition. The precipitate thus obtained was

aged at 80 °C for 18 h. Subsequently, it was washed out with

deionised water to remove nitrate and sodium ions and

filtered. Then the wet solid was dried at 80 °C for 12 h to

separate the Mg-Al-CO3 LDH. CLDH was obtained by

calcining the Mg-Al-CO3 LDH at 350 °C for 5 h.

Sample Characterisation. The CLDH samples before

and after the adsorption of P and Cr(VI) ions were examined

by X-ray diffraction (XRD) and Fourier transform infrared

(FTIR) spectroscopy. XRD patterns were recorded on a

Rigaku D/Max-2500 diffraction at a scan rate of 8°/min with

CuKα radiation, using a voltage of 40 kV and a current of 30

mA over the range 5° ≤ 2θ ≤ 65°. FTIR spectra were record-

ed on a Thermo-Nicolet Nexus 670 FTIR spectrometer in

the KBr phase over the wave number range: 400 to 4000

cm−1.

Adsorption Assays. Chromium (VI) and P stock solution

were prepared by dissolving K2Cr2O7 and KH2PO4 in

deionised water, respectively. All adsorption experiments

were carried out in a temperature controlled shaker using

shaking flasks containing Cr (VI) and P solution with differ-

ent initial concentrations for a predetermined contact time at

150 rpm. The effects of contact time were recorded at

specific time intervals with initial concentrations of 40 mg/L

at 30 °C with 100 mg absorbent and 200 mL solution. The

influence of initial solution pH was investigated over the

range 3 ≤ pH ≤ 11. The pH was adjusted by 0.2 mol/L NaOH

and 0.2 mol/L HNO3 at a concentration of Cr (VI) or P of 40

mg/L. Adsorption isotherms were evaluated at 30 °C and 50

mg of sorbent was immersed into 100 mL of solution (from

20 to 80 mg/L) with constant agitation.

Water samples were filtered for analysis of the concent-

rations of residual Cr (VI) and P solution. The concentration

of P in the solution was determined by molybdate blue

method, which was obtained by colorimetric reading of a

spectrophotometer at a wavelength of 700 nm. The concent-

ration of Cr (VI) in aqueous solution was determined spectro-

photometrically at 540 nm, following the diphenylcarbazide

method. The amount of Cr (VI) and P adsorbed was calcu-

lated by the difference between the initial and final concent-

rations. The adsorption capacity qe (mg/g) was calculated as

follows:

 (1)

where C0 (mg/L) and Ce (mg/L) are the initial and equi-

librium concentrations of Cr(VI) or P respectively, V (L) is

the solution volume and m (g) the mass of the adsorbent.

Results and Discussion

Characterisation. Figure 1 shows XRD patterns of Mg-

Al-CO3 LDH, CLDH, CLDH after adsorption of Cr (VI) and

P ions. The XRD patterns of Mg-Al-CO3 LDH (curve (a) in

Fig. 1) exhibited the characteristic peaks of hydrotalcite-like

compounds. The strong X-ray reflection represented a high

degree of crystallinity and a layered structure in the samples.

After calcining at 350 oC, the well-defined diffraction peaks

disappeared (curve (b) in Fig. 1), thus indicating that the

hydrotalcite-like structure had collapsed and there was a

disordering within the stacking of the layers.29 Furthermore,

the broad peaks were attributed to the formation of Mg-Al

mixed oxides. In the current column test, it is assumed that

CLDH can adsorb ions via three mechanisms: (i) electro-

static attraction on surface, (ii) ion exchange interaction

between anions and hydroxyl ions, (iii) regeneration of its

initial layered structure, as expressed by the following

reaction:29,30

 (1)

(2)

XRD patterns of CLDH after adsorption of Cr(VI) and

phosphate (curves (c) and (d) in Fig. 1) regained their LDH

characteristic reflections, such as (003) and (006), which

demonstrated that the hydrotalcite structure was regenerated

by intercalation of Cr(VI) and P ions into the interlayer

region, this further indicated the existence of the claimed

“memory effect”. 

Figure 2 showed the FTIR spectra of the chosen samples:

Mg-Al-CO3 LDH, CLDH after adsorption of Cr (VI), CLDH

qe = C0 Ce–( )V/m

Mg1 x– Alx OH( )2[ ] CO3( )
x

2
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nH2O ⋅
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x

2
---+

 + 
x

2
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x
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after adsorption of P, and CLDH after adsorption of Cr (VI)

and phosphate. A high intensity band centered on c. 3460

cm−1 was observed, which could be attributed to the stretch-

ing vibration of O-H bonds in metal hydroxides and water

molecules.20,31 The band appearing at c. 1628 cm−1 revealed

the O-H bending mode of the water molecules. The bands

revealed the presence of hydroxyl ions arising from the

brucite-like layers. The band at c. 1360 cm−1 was attributed

to the characteristic vibrations of carbonate groups. The

result demonstrated that carbonate was not completely

removed after calcining at 350 °C and that there was a strong

affinity between carbonate and LDH. After adsorption, the

band at c. 1060 cm−1 (curves (b) and (d) in Fig. 2) indicated

the presence of phosphate intercalated in the interlayer space

of CLDH,32 and the band at 800 to 950 cm−1 (curves (b) and

(c) in Fig. 2) corresponded to the characteristic vibration of

Cr (VI).30 The FTIR spectra did not show such a strong

absorbance intensity of Cr (VI), when P and Cr (VI) were

simultaneously absorbed by CLDH, which demonstrated

that the presence of P decreased the adsorption of Cr (VI)

and competitive adsorption between P and Cr (VI) occurred.

Effect of Contact Time. To confirm the equilibration time

for the adsorption of Cr (VI) and P and to discuss the adsorp-

tion kinetics, the contact times of Cr (VI) and P adsorbed by

CLDH in single and binary system were investigated. Figure

3 shows plots of the time versus the amount of Cr (VI) and P

adsorbed: the adsorption of Cr (VI) and P in the single

system initially increased with time and then gradually

reached the equilibrium. We can also see that the adsorption

of Cr (VI) onto CLDH in the single system was compara-

tively faster and it reached a plateau in approximately 4 h.

Since equilibrium was reached in less than 24 h, an equi-

librium time of 24 h was applied to the subsequent experi-

ments. Figure 3 indicated that the adsorption capacity of Cr

(VI) in a single system was larger than that in a binary

system, which demonstrated that the presence of P decreased

the adsorption of Cr (VI) on CLDH. This result agreed with

the FTIR spectral data. The adsorbed Cr (VI) onto CLDH

decreased in binary system may be due to competition for

the same adsorption sites with P. However, the existence of

Cr (VI) had no effect on P adsorption. CLDH may have had

a greater affinity for P than Cr (VI).

Effect of Initial pH. The pH of the solution controlled the

surface change of the adsorbent and the speciation of ions,

so it is considered to be an important parameter which

affects the adsorption.10As shown in Figure 4, the adsorption

of P and Cr (VI) on CLDH was investigated at different

initial pH values ranging from 3.0 to 11.0 with a constant

ionic density. From Figure 4, it was seen that the adsorption

capacity of Cr (VI) and P increased with the increase in

previous pH. The highest Cr (VI) adsorption by CLDH was

found at a pH of 6.0, P adsorption reached its maximum at a

pH of 5.0. Herein, a pH of 6.0 was chosen as ideal for the

present study considering the fact that below this pH the

Figure 1. XRD patterns of (a) Mg-Al-CO3 LDH, (b) Mg-Al-CO3

LDH calcined at 350 °C, (c) CLDH after adsorption of Cr(VI) and
P.

Figure 2. FTIR spectra of (a) Mg-Al-CO3 LDHs calcined at 350
°C, (b) CLDH after adsorption of Cr(VI) and P, (c) CLDH after
adsorption of Cr(VI), (d) CLDH after adsorption of P.

Figure 3. Effect of contact time on Cr (VI) and P adsorption by
CLDH (C0(P) = 40 mg/L and C0(Cr) = 40 mg/L, adsorbent dosage
0.5 g/L, temperature 30 ± 0.2 °C).
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adsorbent may be unstable.29 With further increase in pH,

there was an apparent decrease in the adsorption of Cr (VI)

and P. It was suggested that a high pH value was unfavour-

able to the adsorption. These results could be attributed to

the excessive amount of hydroxyl ions, which can compete

for active sites in the adsorption process with Cr (VI) and P.

Meanwhile, a high pH will encourage the formation of

negative ions on the adsorbent surface. It would produce a

repulsive interaction between the adsorbent and ions in

solution.29 Besides, the modification of pH can cause the

formation of multivalent chromium species (Cr2O7
2−, HCrO4

−,

CrO4
2−) and phosphate species (H2PO4

−, HPO4
2−, PO4

3−):

pK = 2.2  (3)

 pK = 4.1  (4)

pK = 5.9  (5)

pK = 2.15  (6)

pK = 7.2  (7)

pK = 12.33  (8)

According to Eq. (2), as the speciation of multivalent

anions changed with the solution pH, adsorbing the same

amount of anions required more adsorbents, which led to a

reduction in Cr (VI) and P sorption at higher pH values.

Such as, adsorbing the same amount of P, multivalent

HPO4
2− demanded CLDH two times more than monovalent

H2PO4
− did.

It should be noted that the sorption capacity of Cr (VI) and

P decreased after the mixture of additional ions, and the

change was greater for Cr (VI) than for P. It was suggested

that competitive adsorption between Cr (VI) and P occurred.

It also implied that the adsorption of Cr (VI) decreased to a

great degree in the presence of P, but the existence of Cr (VI)

had little effect on the adsorption of P. The P was able to be

interacted with CLDH much more easily than Cr (VI) did. It

was difficult to be replaced by Cr (VI), once P was adsorbed

on CLDH previously. In other words, CLDH may have had

a stronger affinity for P compared to that possessed by Cr

(VI).

Measure of Adsorption Isotherm. The adsorption iso-

therms of Cr (VI) and P are shown in Figure 5. Adsorption

isotherms were used to determine the sorption capabilities

and mechanisms of Cr (VI) or P by CLDH. The Langmuir

and Freundlich models are often used to describe adsorption

isotherms.

The Langmuir isotherm assumes monolayer coverage and

all sites on solid surface have equal affinity for adsorbate

molecules. It is expressed as:25

 (9)

where qe is the amount of anions adsorbed per unit mass of

adsorbent at equilibrium (mg/g), qm is the theoretical

saturated adsorption capacity (mg/g), Ce is the equilibrium

concentration of the anions in solution (mg/L), Ka is a

Langmuir constant related to the adsorption-desorption energy

and to the affinity of binding sites for anions (L/mg). The

equation above can be rearranged to the following linear

form:

 (10)

Cr2O7

2−
 + H2O  ⇔ 2HCrO4

−

, 

H2CrO4  ⇔ HCrO4

−

 + H
+
,

HCrO4

−

  ⇔ CrO2

−

 + H
+
, 

H3PO4  ⇔ H2PO4

−

 + H
+
, 

H2PO4

−

  ⇔ HPO4

2−
 + H

+
, 

HPO4

2−
  ⇔ PO4

3−
 + H

+
, 

qe = 
qmKaCe

1 KaCe+
-------------------

Ce

qe
----- = 

1

qmKa

------------ + 
Ce

qm
-----

Figure 4. Effect of pH on Cr (VI) and P adsorption by CLDH
(C0(P) = 40 mg/L and C0(Cr) = 40 mg/L, adsorbent dosage 0.5 g/L,
adsorption time 24 h, temperature 30 ± 0.2 °C).

Table 1. Langmuir and Freundlich isotherm model constants and
correlation coefficients for adsorption of Cr (VI) and P on CLDH

ions

Langmuir isotherm Freundlich isotherm

qm

(mg/g)

Ka

(mg/L)
R2 n Kb R2

Cr 70.42 0.23 0.991 4.98 30.15 0.985

P 97.09 0.70 0.993 5.99 51.91 0.947

Cr(P) 68.49 0.01 0.606 1.40 1.42 0.938

P(Cr) 96.15 0.37 0.98 9.54 55.71 0.854

Figure 5. Adsorption isotherms of Cr (VI) and P by CLDH
(adsorbent dosage 0.5 g/L, adsorption time 24 h, temperature 30 ±
0.2 °C).
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The linear form can be used for linearization of experimental

data by plotting Ce/qe versus Ce as shown in Figure 6. The

constants qm and Ka were determined from the slope and

intercept of the plot and are presented in Table 1. The

essential features of the isotherm can be expressed in terms

of a dimensionless constant (RL) defined by:33

 (11)

where C0 is the initial concentration of the anions. It is

reported that: RL = 0 indicates irreversible adsorption, 0 ≤ RL

≤ 1 indicates favourable adsorption, and when RL > 1, the

adsorption is unfavourable. It could be inferred here that for

Ka > 0, adsorption was favourable.

The Freundlich isotherm was applied to non-ideal sorption

on heterogeneous surfaces and multilayer adsorption, this

empirical model was widely used and can be expressed

by: 29,34

 (12)

where Kb and n are the Freundlich constants incorporating

all parameters affecting the adsorption process. It is reported

that 1 ≤ n ≤ 10 represent favourable adsorption conditions.

To determine the constants Kb and n, the Freundlich equation

can be rearranged to its linear form:

 

 (13)

Figure 7 shows the linear plot of the Freundlich isotherm

of Cr (VI) and phosphate adsorption on CLDH at 30 °C.

Comparing the two isotherm models described above, the

Langmuir isotherm was the most suitable for the characteri-

sation of Cr (VI) or P adsorption behaviour and the experi-

mental data were consistent with the Langmuir equation

except Cr (VI) in binary system. It was found that CLDH

showed a high capacity to sorb Cr (VI) or P. The maximum

adsorption capacities of Cr (VI) or P in single system were

up to 70.42 mg/g and 97.09 mg/g, respectively. The calcu-

lated Ka has positive values, which suggested that it was a

favourable adsorption of Cr (VI) or P. The Freundlich model

also gave a good fit to the adsorption behaviour. For Cr (VI)

in binary system, the higher R2 values indicated the appli-

cation of Freundlich isotherm. In addition, the values of n

larger than 1 indicated a good sorption process of Cr (VI) or

P on CLDH.

Measure of Adsorption Kinetics. To describe the sorption

behaviour and its variation with contact time, several ad-

sorption kinetic experiments for the simultaneous removal

of Cr (VI) and P by CLDH were undertaken. Four kinetic

models were used for this analysis of the sorption kinetics.27,35

The Lagergren’s equation for pseudo first-order kinetics

can be written as follows:

 

 (14)

where qe denotes the amount of adsorbate adsorbed at

equilibrium (mg/g), qt is the amount of adsorbate adsorbed at

reaction time t (mg/g), and K1 is the rate constant (h−1).

Lagergren’s first-order rate constant (K1) and qe were

calculated from the intercept and slope of the plot (Fig. 8)

and are listed in Table 2 along with the corresponding

correlation coefficients. It was observed that the calculated

RL = 
1

1 KaC0+
--------------------

qe = KbCe

1/n

lnqe = lnKb + 
1

n
---lnCe

qt = qe 1 e
K
1
t–

–( )

Figure 6. Linearized Langmuir isotherm plots of Cr (VI) and P
adsorption by CLDH at 30 ± 0.2 °C.

Figure 7. Linearized Freundlich isotherm plots of Cr (VI) and P
adsorption by CLDH at 30 ± 0.2 °C.

Figure 8. Pseudo-first-order model for adsorption of Cr (VI) and P
by CLDH.
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qe values did not agree with the experimental qe values,

suggesting that the adsorption of Cr (VI) and P on CLDH

did not follow pseudo first-order kinetics.

The pseudo second-order model was established on the

basis of the assumption that the occupation rate of adsorp-

tion sites was proportional to the square of the number of

unoccupied sites as represented by:36

 (15)

where qt and qe are the adsorption capacity at time t and

equilibrium, respectively; k2 is the pseudo-second-order rate

constant. The pseudo second-order kinetic at 30 °C is plotted

in Figure 9; k2 and qe calculated from the model are also

listed in Table 2 along with the corresponding correlation

coefficient. The predicted equilibrium uptakes were close to

the experimental values indicating the applicability of the

pseudo second-order model. The corresponding correlation

coefficient R2 (> 0.99) indicated that the pseudo second-

order model could describe the adsorption of Cr (VI) and P. 

The Elovich equation is given by:27

 (16)

where α is the initial sorption rate (mg/g) and β is related to

the extent of surface coverage (g/mg). The calculated data

are presented in Figure 10 and Table 2. The Elovich equation

accounted for the characteristics of heterogeneous sorption

sites. Since there were both external surface adsorption and

interlayer ion exchange for CLDH adsorption, this may have

resulted in a heterogeneous sorption process.35

To investigate the contribution of intra-particle behaviour

on the adsorption process, the rate constant for intra-particle

diffusion can be calculated from the following equation:27,29

 (17)

where Ki is the intra-particle diffusion rate constant (mg/g

h1/2), and C is the vertical axis intercept. If the plot of qt
against t1/2 were linear, the adsorption process was deemed

to have been determined by the intra-particle diffusion step.

Additionally, intra-particle diffusion was the only rate-limit-

ing step if the line tended to pass through the origin.

Nevertheless, if the line revealed multi-linear facets, the

t

qt
---- = 

1

K2qe

2
----------- + 

t

qe
----

qt = β ln αβ( ) + β lnt

qt = Kit
1/2

 + C

Table 2. Comparison between adsorption kinetic parameters of
pseudo first-order, pseudo-second-order, Elovich equation and
inter-particle diffusion models

Adsorption 

kinetics
Constant

Ions

P Cr P(Cr) Cr(P)

Pseudo-

first-order 

model

K1 0.24 0.54 0.31 0.15

qe 58.68 23.05 56.18 6.90

R2 0.995 0.861 0.956 0.891

Pseudo-

second-order 

model

K2 0.006 0.06 0.009 0.08

qe 70.92 48.08 63.69 15.48

R2 0.994 1 0.992 0.992

Elovich 

model

α 102.44 496.4 134.44 1297.98

β 0.082 0.13 0.01 0.68

R2 0.946 0.871 0.947 0.96

Intra-particle 

diffusion 

model

Ki 7.37 14.67 7.37 1.76

C 7.61 12.73 11.18 7.83

R2 0.532 0.892 0.532 0.883

Figure 9. Pseudo-second-order model for adsorption of Cr (VI)
and P by CLDH.

Figure 10. Elovich model for adsorption of Cr (VI) and P by
CLDH.

Figure 11. Intra-particle diffusion model for adsorption of Cr (VI)
and P by CLDH.
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adsorption process was deemed to have been complicated

with more than one rate-limiting step in the sorption process.

As shown in Table 2, the correlation coefficient indicated a

lack of fit with the intra-particle model. The plot presented

multi-linearity in Figure 11, indicating that the adsorption of

Cr (VI) and P were complex and proceeded in different steps

such as: (a) boundary layer diffusion, (b) particle surface

adsorption, and (c) intra-particle diffusion.

Effect of Initial Concentration of Cr (VI) and P.

Different adsorption performances of CLDH for Cr (VI) and

P were observed when they co-existed compared to single

systems, and the results are shown in Figures 12 and 13.

With an initial Cr (VI) concentration of 5 mg/L and 10 mg/

L, compared with the P removal capability of CLDH before

dosing with P, the effect of subsequent addition of P with

concentrations of 5 mg/L on the Cr (VI) removal could be

ignored. However, when the P concentration was increased

to up to 10 mg/L, the negative effect of P became more

obvious, and the Cr (VI) removal capacity decreased by

18.7% and 49.2%, respectively. With initial P concentrations

of 5 mg/L and 10 mg/L, the effects of the addition of Cr (VI)

at concentrations of 5 and 10 mg/L on the P removal were

negligible.

These results suggested that the Cr (VI) and P removal

capability of CLDH cannot be effected by the co-existence

of Cr (VI) and P with an initial phosphate concentration of 5

mg/L, indicating that the CLDH adsorbents could achieve

the simultaneous removal of Cr (VI) and P from an aqueous

solution with an initial P concentration of approximately 5

mg/L.

Conclusions

The adsorption of Cr (VI) and P on CLDH was investi-

gated. The CLDH was effective in its ability to remove Cr

(VI) and P in a single system. The adsorption isotherm

results were described by the Langmuir and Freundlich

models, and the constants Ka > 0 and n > 1 were indicative

of favourable adsorption conditions. It was found that the

optimum pH was approximately 6 and it took 24 h to reach

equilibrium when Cr (VI) and P were added simultaneously.

The adsorption process could be described by a pseudo

second-order model.

Competitive adsorption between Cr (VI) and P existed in

the binary system. P showed a stronger affinity with CLDH

compared to that manifested by Cr (VI). The suppression of

Cr (VI) adsorption was more obvious at P concentrations of

up to 10 mg/L with a concentration of 0.5 g/L of CLDH. The

XRD and FTIR results demonstrated the rehydration of

mixed metal oxides and intercalation of Cr (VI) and P ions

into the layer to reconstruct the hydrotalcite-like structure.

The main adsorption mechanism of CLDH for Cr (VI) and P

involved adsorption on the surface and the reconstruction of

the original layered structure.
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