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1. Phosphate adsorption experiments
1.1 Effect of pH value on phosphate adsorption

The effect of pH on the adsorption capacity of MgAI-LDH@ZIF-8 was
determined using an optimized intermittent adsorption experiment. The pH
of 100 mg P/L of KH,PO, solution was adjusted to 3-12 using 1 M HCI and
1 M NaOH solution. 20 mg of MgAI-LDH@ZIF-8 was added to 20 mL of
phosphate solution with different pH, and the remaining phosphorus
concentration was measured after shaking at 200 rpm at 25 <C for 24 h. The
adsorption capacity was calculated, and the optimal pH value could be
derived. The following adsorption experiments were performed at the

optimal pH.



The adsorption capacity (ge, mg/g) and removal rate (R, %) were calculated
by the following equations (1) and (2) :
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Where g. (mg/g) represents the adsorption capacity, R (%) is the removal
rate, Co (mg/L) and C. (mg/L) represent the initial concentration of
phosphate solution and the residual concentration after adsorption,
respectively. m (mg) is the mass of the adsorbent and V (mL) represents the

volume of phosphate solution.
1.2. Adsorption kinetics

To investigate the effect of different times on the adsorption
properties of phosphate, 200 mg of ZIF-8, MgAI-LDH and
MgAI-LDH@ZIF-8 were dispersed in 200 mL of 100 mg P/L KH,;PO,
solutions (pH = 6). The solution was shaken at 200 rpm for 5-2880 min,
and 1 mL of the solution was removed at specific time intervals, filtered
through a 0.45 pm filter membrane, and the phosphate concentration was
determined.

To probe into the adsorption mechanism of phosphate adsorption by
the adsorbent, the obtained data were fitted with pseudo-first-order (PFO)
[1] and pseudo-second-order (PSO) [2] models were expressed in equations

(3) and (4):
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where ge, : (Mmg/g) denote the adsorption capacity at equilibrium and t time,
respectively. ki and k, respectively represent the rate constant of PFO, PSO,

and t represents the reaction time (min).
1.3. Adsorption isotherm

To investigate the effect of the initial concentration on the phosphate



adsorption performance, 20 mg of adsorbent was added to 20 mL of
phosphate solutions with different concentrations (20-180 mg P/L), and the
pH of the solution was adjusted to 6. After shaking at 200 rpm for 24 hours
at 25 °C, it was filtered through a 0.45 pum filter and the phosphate
concentration was determined. The results of the adsorption isotherms
were fitted with the Langmuir model [3] (equation (5)) and the Freundlich
model [4] (equation (6)).
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Where qm (mg/g) represents the maximum adsorption capacity, K_ (L/mg)
is the Langmuir equilibrium constant, K¢ ((mg/g) / (mg/L) 1/n) is the
Freundlich equilibrium constant, and n is the coefficient of the Freundlich

model.
1.4. Adsorption thermodynamics

To investigate the effect of different temperatures on the adsorption
properties of phosphate, thermodynamic parameters at three temperatures,
298 K, 303 K, 308 K, 313 K and 318 K, were studied. The experimental
steps were the same as those for the adsorption kinetics, except for the
difference in temperature. The thermodynamic parameters were calculated

by the following equations (7-9) [5].
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Where AH® (KJ/mol), AS® (KJ/mol K), and AG® (KJ/mol) represent the
enthalpy change, entropy change, and Gibbs free energy respectively. Kc
(L/g) denotes the thermodynamic equilibrium constant, T (K) is the

adsorption temperature R (8.314 J/mol/K) is the ideal gas constant.



1.5. Effect of co-existing ions on phosphate removal

To evaluate the effect of coexisting anions on phosphate adsorption
performance, NaNOg3, NaCl, Na,COs3, and Na,SO, were weighed and added
to 100 mg P/L of KH,PO, solution to prepare a solution with a coexisting
anion concentration of 0.1 M, respectively. The remaining phosphate
concentration was measured and the adsorption capacity was calculated
after 20 mg of MgAI-LDH@ZIF-8 was added to 20 mL of the solution and
shaken at 200 rpm for 24 h.

1.6 Reusability of MgAI-LDH@ZIF-8

The reuse of adsorbents is important in practical applications. In this
experiment, 200 mg of MgAI-LDH@ZIF-8 was dispersed in 200 mL, 100
mg P/L phosphate solution and shaken at 200 rpm for 24 h at room
temperature. At the end of adsorption, the remaining phosphate
concentration of the solution was measured. Then, the adsorbent was
separated by filtration and eluted with 0.1 M NaOH solution. The eluted
adsorbent was dried and the adsorption experiment was performed again

under the same conditions.
1.7 Simulated wastewater adsorption experiment

To explore the practicality of adsorbents, simulated wastewater
solutions were prepared according to the highest phosphate content (30
mg/L) in untreated wastewater reported in the literature[6]. The
concentrations of other ions in the simulated wastewater are shown in
Table S4. Weigh 20, 30, 40, and 50 mg of ZIF-8, MgAI-LDH, and
MgAI-LDH@ZIF-8, respectively, into 20 mL of simulated wastewater
solution, and shake at 200 rpm for 24 h at 25 <C. After shaking, the
remaining phosphate concentration was measured after filtration through a

0.45 pm filter.
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Fig. S1 Pore size distributions of ZIF-8, MgAI-LDH and MgAI-LDH@
ZIF-8.

Table S1 Surface area and pore characteristics of the samples.

Sample Sger (m?/g)  Pore volume (cm®g)  pore size (nm)
ZIF-8 1659.54 0.70 1.09, 1.358
MgAIl-LDH 18.40 0.06 4,325-43.23
1.001, 1.358,
MgAI-LDH@ZIF-8 1133.31 0.44
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Fig. S2 Adsorption curves of ZIF-8, MgAI-LDH and MgAI-LDH@ZIF-8 at different
concentrations.



Table S2 Comparison of the phosphate adsorption capacities for different
adsorbents.

Adsorbent Adsorption capacity (mg g™) Reference
MFC@UiO-66 16.95 [7]
PANT.co-onF 24.44 [8]
HA-MNP 28.9 [9]
Zr0,/SiO, 43.8 [10]
Zr@Fu MOF 56.41 [11]
Fes0,@MgAIl-LDH@La(OH); 66.5 [12]
Al-Fum 67.62 [13]
LasEV 79.6 [14]
La/Fe-NB 99.46 [15]
HP-MOFs 186.6 [16]
Fe;04/TiOo/NH,-UiO-66 192.334 [17]
MgAIl-LDH 36.18 This work
ZIF-8 53.41 This work
MgAI-LDH@ZIF-8 68.53 This work

Table S3 Thermodynamic constants of phosphate adsorption by

MgAI-LDH@ZIF-8

T(K) In(ke)  AG®(KJ/mol)  AH® (KJ/mol) AS° (KJ/(mol K))
298 0.459 -1.156

303 0.525 -1.368

308 0.648 -1.58 11.479 0.042
313 0.685 -1.797

318 0.742 -2.004
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Fig. S3 Comparison of phosphate removal rates of ZIF-8, MgAI-LDH and
MgAI-LDH@ ZIF-8. Conditions: phosphate concentration 30 mg/L, 20 mL; mass of
adsorbent: 30 mg; time: 24 h.

Table S4.Composition of simulated wastewater used in this study

Species Concentration (mg/L)
K* 37.7
Na* 74.9
Cr 50
SO; 50
NO; 50

HPO; and H,PO; 30
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