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Text S1. Mathematical equations and corresponding curve fitting model formulas of adsorption kinetics.
[bookmark: OLE_LINK30][bookmark: OLE_LINK59][bookmark: OLE_LINK60]To better understand the mechanism that controls the adsorption kinetics and the phosphate adsorption process on adsorbent, a pseudo-first-order model, pseudo-second-order model, and intra-particle diffusion models were employed to fit the sorption kinetic data (Tang et al., 2018). The mathematical equations for these models are given in Eqs. (1) to (3).
Pseudo-first-order equation [1]:
ln (qe-qt) = ln qe - k1t
Pseudo-second-order equation [2]:
t/qt =1/k2q2e + t/qe
Intra-particle diffusion equation [3]:
qt = kdit1/2 + Ci
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]where qt and qe (mg P g-1) are the amounts adsorbed at time t and at equilibrium, respectively; t (min) is the sorption time; and k1 (min) and k2 (g/(mg·min)) are the rate constants for the pseudo-first-order model and the pseudo-second-order model, respectively, which can be determined from the experimental data by regression analysis; kdi [g/(mg·min0.5)] is the adsorption rate constant of the intra-particle diffusion models, and Ci (mg g-1) is a constant of the intra-particle diffusion model, which is related to the thickness of the boundary layer.


Text S2. Langmuir and Freundlich isotherm models of adsorption isotherms.
And their equations were presented using the following equations, respectively.
Langmuir model [4]:
qe= kL qmCe/ (1+ kLCe) 
Freundlich model [5]:
qe= kF Ce1/n 
Where kL (L·mg-1) and kF (mg·g-1) are constants related to the Langmuir adsorption and Freundlich affinity, respectively. qm represents the Langmuir maximum capacity (mg P g-1), n is the Freundlich empirical constant and Ce is the solution concentration at equilibrium (mg P L-1).


Text S3. Adsorption site energy distribution.
The site energy distribution of LaFe/MB can be deduced from the Langmuir model based on an assumption of the distribution of site energies, expressed as Eq. (6).
          (6)
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]where Ce is the equilibrium aqueous-phase concentration (mg L-1), Qe (Ce) is the total sorbed solid-phase concentration (mg g-1), Qh (E, Ce) is energetically homogeneous isotherm with sorption energy E (mg g-1), and F(E) is the site energy frequency function of homogeneous sorption site energies (mol-mg/J-g). The range of the energies is assumed to be from 0 to infinity (∞) since the value of negative infinity (-∞) will not have any physical meaning (Reguyal and Sarmah, 2018).
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK5][bookmark: OLE_LINK9]Based on the condensation approximation or asymptotically correct approximation proposed by Wang (Wang et al., 2022), the equilibrium aqueous-phase concentration (Ce) of P is related to the sorption site energy (E) given by Eq. (7).
         (7)
where Cs is the maximum solubility of phosphate solution (KH2PO4) at 28°C (mg L-1), Es is the lowest physically realizable sorption energy when Ce = Cs, (J mol-1), R is the universal gas constant (J/mol-K), T is the absolute temperature (K), and calculated E* is the divergence of sorption energies between the sorbent surface in the solvent and the sorbate (J mol-1), determined by substituting the Ce and Cs into Eq. (7).
Incorporating Eq. (7) into the Langmuir model, Qe (E*) was expressed by Eq. (8).
                 (8)
where KL is the Langmuir affinity coefficient (L kg-1), Qmax is the maximum sorption capacity (mg g-1), and Ce is the equilibrium aqueous-phase concentration (mg L-1).
The approximate site energy distribution F(E*) can be obtained by differentiating the isotherm Qe (E*) with respect to E* as shown by Eq. (9) (Wang et al., 2022).
           (9)


Text S4. Basic parameters of the pond water, as well as the specific sampling point and time.
The pond water of Jiangsu Academy of Agricultural Sciences was taken as the test sample to evaluate the actual application potential of the adsorbent, the basic parameters of the pond water, with total nitrogen content (4.94±0.24) mg L-1 and total phosphorus content (0.58±0.04) mg L-1. The sampling time was September 2021, and the sampling site was pond water 10 cm above the surface.


Text S5. Leaching experiment of Fe and La from La0.3Fe0.1/MB in actual water.
[bookmark: OLE_LINK129]To determine the leach ability of Fe and La from La0.3Fe0.1/MB. The leaching test was adapted according to Shen (Shen et al., 2022). Briefly, approximately 2 g of La0.3Fe0.1/MB was mixed with 1000 mL of the ditch water (pH, 8.21; EC, 301 us cm-1; TOC, 8.07mg L-1; TN, 2.65 mg L-1; TP, 0.376 mg L-1.) in a 2000-mL polyethylene vessel. The mixture was tumbled at a speed of 30 rpm for 7 days at 25 °C. Supernatants were taken on days 0, 1, 3, 5, and 7 d and filtered through 0.45-μm membrane filters, then the concentration of Fe and La were measured by inductively coupled plasma mass spectrometry (ICP-MS, Thermo Fisher Scientific, USA). Among them, the day 0 represents the sample on the sampling day and just after the corresponding materials were added. And ditch water +La0.3Fe0.1/MB was marked as trial group, while the ditch water was control group, respectively.


[image: ]
Fig. S1. Phosphate adsorption capacities of different adsorbents in a solution with an initial concentration of 100 mg P L-1.



Fig. S2. Scanning electron microscopy (SEM) images of (a) B, (b) MB, (c) Fe0.4/MB, (d) La0.4/MB. 
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Fig. S3. Energy-dispersive spectra (EDS) of B, MB, M, Fe0.4/MB, La0.3Fe0.1/MB, and La0.4/MB. 
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Fig. S4. Phosphate adsorption fitted data of La0.3Fe0.1/MB conducted by intra-particle diffusion model results.
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Fig. S5. Langmuir model based-site energy on phosphate solid-phase sorption (a), Langmuir model based-site energy distribution of phosphate sorption on La0.3Fe0.1/MB (b).
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[bookmark: _GoBack]Fig. S6. XRD patterns of La0.3Fe0.1/MB after phosphate adsorption. The marks of LaPO4 (JCPDS 04-0635) were referenced from the reported earlier (Shi et al., 2019).


Table S1
Preparation conditions used to obtain the different formable porous granulated LaFe/MB adsorbents
	Abbreviation
	B (g)
	M (g)
	n Fe3+ (mol)
	n La3+ (mol)

	B
	100
	-
	-
	-

	MB
	100
	50
	-
	-

	Fe0.4/MB
	100
	50
	0.4
	-

	La0.1Fe0.3/MB
	100
	50
	0.3
	0.1

	La0.2Fe0.2/MB
	100
	50
	0.2
	0.2

	La0.3Fe0.1/MB
	100
	50
	0.1
	0.3

	La0.4/MB
	100
	50
	-
	0.4






Table S2 
Surface elemental composition (wt.%) of adsorbents
	Adsorbents
	Elements wt.% (calculated based on EDS spectrum)

	
	C
	O
	Mg
	Al
	Si
	Ca
	Fe
	La

	B
	67.06
	24.55
	0.12
	0.24
	7.22
	0.30
	0.52
	BDL

	MB
	46.17
	35.88
	0.42
	3.77
	10.69
	0.98
	2.09
	BDL

	Fe0.4/MB
	31.29
	34.81
	0.48
	3.87
	12.68
	0.85
	14.01
	BDL

	La0.3Fe0.1/MB
	30.22
	23.12
	0.26
	1.96
	8.54
	0.40
	8.02
	19.49

	La0.4/MB
	49.05
	24.58
	0.12
	1.14
	7.76
	0.52
	1.03
	15.80

	M
	BDL
	53.93
	0.90
	9.73
	28.74
	0.88
	5.81
	BDL


Note: B, M and BDL means straw biochar, montmorillonite particles, and below detection limit, respectively.



Table S3 
Leaching concentration of Fe and La of La0.3Fe0.1/MB in actual water
	d
	Control group
	Trial group
	ΔFe
(mg L-1)

	
	La (mg L-1)
	Fe (mg L-1)
	La (mg L-1)
	Fe (mg L-1)
	

	0
	BDL
	0.094
	BDL
	0.0613
	-0.0327

	1
	BDL
	0.076
	0.004
	0.0807
	0.0047

	3
	BDL
	0.053
	0.005
	0.0565
	0.0035

	5
	BDL
	0.0457
	0.005
	0.0463
	0.0006

	7
	BDL
	0.0417
	0.006
	0.0440
	0.0023


Note: BDL means below detection limit; ΔFe means the difference between trial and control groups.
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