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Section S1. Description of parameters reflecting the phosphate adsorption perfor-
mance 

The uptake of phosphate at equilibrium (qe, mg/g) (Equtaion (S1)), phosphate re-
moval efficiency (R) (Equation (S2)) and the distribution coefficient (Kd, mL/g) (Equation 
(S3)) for the adsorbent were calculated from the following equations: 
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where C0, Ce and Ct is the concentration of phosphate as element P (mg/L) at initial, equi-
librium and time t (min), V is the volume of the solution (in L for qe calculation and in mL 
for Kd calculation) and m is the mass of adsorbents (dry weight, g). Our experiments were 
conducted with V/m ratios of 1666.7-10000 mL/g at ambient temperature. 
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Section S2. Description of kinetics and isotherm fitting models 
a) Kinetics fitting models 

Pseudo-first-order (Equation (S4))[1], pseudo-second-order (Equation (S5)) [2], Elo-
vich (Equation (S6)) [3], Avrami [4] (Equation (S7)) and Intrinsic [5] (Equation (S8)) kinet-
ics equation. 
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where qt and qe (mg/g) are the amount of phosphate adsorbed at time t (min) and at equi-
librium. k1 (min-1), k2 (g/(mg·min)), k and kini (L·g-1·min-1) are the rate constant of the 
pseudo-first-order, pseudo-second-order, Avrami and intrinsic kinetics models, respec-
tively. a is the initial adsorption rate (mg/g), and b is the desorption constant (mg/g). c0 
(mg/L) is the initial phosphate concentration, ρ (g/L) is the dosage of adsorbent. ξeq is the 
state constant at equilibrium. 

b) Isotherm fitting models 
Langmuir (Equation (S9)) [6], Freundlich (Equation (S10)) [7], Temkin (Equation 

(S11)) [8] Dubinin-Radushkevich (D-R) (Equations (S12) and (S13)) [9,10] isotherm model. 
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where qe (mg/g) and Ce (mg/L) are the amount of phosphate adsorbed per g of adsorbent 
and the corresponding phosphate concentration in solution at the equilibrium. qm (mg/g) 
is the maximum adsorption capacity. b (L/mg) and k ((mg/g)/(mg/L)n) are the Langmuir 
and Freundlich adsorption equilibrium constant. A and B are isotherm constants in the 
Temkin isotherm equation which can be determined by regression of the experimental 
data [11]. 

c) Error function 
The sum of the errors squared (SSE) was the objective error function in the optimiza-

tion procedure. 

2
exp, ,SSE ( )i cal iq q= −  (S14)

where qexp and qcal are the experimental and model-predicted value, respectively. 

Section S3. Description of the Theoretical Calculations of pH-Related Dissociation 
Equilibria of Phosphate, Carbonate and Glycine 
a) The pH-Related Dissociation Equilibria of Phosphate 

Phosphate has dissociation equilibrium in aqueous solutions of different pH as fol-
lows: 
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where [H+], [H3PO4], [H2PO4
- ], [HPO4

ଶ-] and [PO4
3-] are the molar concentrations of H+, 

H3PO4, H2PO4
- , HPO4

ଶ- and PO4
3-. [H+] could be calculated from pH value of the solution 

through: [H+] = 10-pH. 
The ionization fraction α represents the fraction of a component in total concentra-

tion, which could be defined as Equation (18) (taking H3PO4 as an example). 
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Similarly, the ionization fraction of α1, α2, α3 for H2PO4
- , HPO4

ଶ- and PO4
3- could be 

calculated through Equations (S19)–(S21). 
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Within pH range of 1 to 14, the distribution curves of phosphate in different ionization 
state were calculated and plotted in Figure S1. 

 

Figure S1. Distribution curves of different phosphate state within the pH of 0~14. 
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b) The pH-related Dissociation Equilibria of Carbonate 
Carbonate has dissociation equilibrium in a closed system as follows (25 °C): 
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where [H+], [H2CO3], [HCO3
- ] and [CO3

2-] are the molar concentrations of H+, H2CO3, 
HCO3

-  and CO3
2-. [H+] could be calculated from pH value of the solution through: [H+] = 

10-pH. 
The ionization fraction α represents the fraction of a component in total concentra-

tion, which could be defined as Equations (S25)–(S28). 
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Within pH range of 1 to 14, the distribution curves of carbonate in different ionization 
state were calculated and plotted in Figure S2. 
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Figure S2. Distribution curves of different carbonate state within the pH of 0~14. 

c) The pH-Related Dissociation Equilibria of Glycine and Alanine 
Glycine and alanine undergoes internal acid-base reactions and exists in the form of 

internal salts known as zwitterions due to the acidity of carboxyl group and alkalinity of 
amino group. Since glycine mostly presents in the aqueous solution as zwitterions, which 
is much more than the the molecular form, the dissociation process of glycine and alanine 
in aqueous solutions can be briefly described as follows. 

 
(S29)

The dissociation process of glycine and alanine in water is similar to that of a diacid, 
which could be described as follows (where H2A represents the acid form with positive 
charge, HA represents the zwitterionic form, and A- represents the basic form with nega-
tive charge): 
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where [H+], [H2A+], [HA] and [A-] are the molar concentrations of H+, H2A+, HA and A-. 
[H+] could be calculated from pH value of the solution through: [H+] = 10-pH. 

The ionization fraction α represents the fraction of a component in total concentra-
tion, which could be defined as Equations (S32)–(S34). 
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Within pH range of 1 to 14, the distribution curves of glycine and alanine in different 
ionization state were calculated and plotted in Figure S3. 

 

Figure S3. Distribution curves of different glycine (a) and alanine (b) state within the 
pH of 0~14. 

Section S4.  
Metal ions were measured by ICP-OES. For element Mg, the limit of detection (LOD) 

is 0.02 mg/L, and the limit of quantification (LOQ) is 0.09 mg/L. For element Al, the LOD 
is 0.009 mg/L, and the LOQ is 0.04 mg/L. TOC and TN was measured using a TOC ana-
lyzer equipped with a TN unit based on combustion oxidation-non-dispersive infrared 
absorption method. The LOQ of TOC is 4 μg/L, and the LOQ of TN is 0.1 mg/L. Phosphate 
concentration determination was performed on a UV-Vis spectrophotometer using the 
Molybdenum Blue method. The LOD is 0.01 mg/L (as element P), and the LOQ is 0.04  

Table S1. Particle size distribution Cl-LDH, Gly-Cl-LDH and Ala-Cl-LDH. 
Sample d(0.1) (μm) d(0.5) (μm) d(0.9) (μm) 
Cl-LDH 1.392 30.956 110.901 

Gly-Cl-LDH 1.687 30.634 94.653 
Ala-Cl-LDH 1.226 27.306 84.487 
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. 

Figure S4. Particle size distribution Cl-LDH, Gly-Cl-LDH and Ala-Cl-LDH. 
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Figure S5. N2 adsorption-desorption isotherms of Cl-LDH (e) and Gly-Cl-LDH (f), 
the inset is the pore size distribution determined by the BJH method. 
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Figure S6. Effect of LDH dosage on phosphate adsorption on Cl-LDH, Gly-Cl-LDH and Ala-Cl-
LDH. (a) represents phosphate concentration in supernatant as a function of dosage, (b)~(d) are the 
phosphate removal (%) and qe (mg/g) as a function ofdosage. (LDH dosage = 0.1~0.6 g/L, [Po] = 20 
mg-P/L, retention time = 2 h). Error bars show the standard deviation (n = 3). 
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