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[bookmark: _Hlk197937356][bookmark: OLE_LINK91]Text S1. Performance optimization adsorption experiment
Prepare ammonium chloride working solutions with concentrations of 5 mg/L and 25 mg/L, as well as potassium dihydrogen phosphate working solutions with concentrations of 1 mg/L, 10 mg/L, and 100 mg/L. Accurately measure 100 mL and transfer them into several 250 mL stoppered triangular flasks, while keeping other conditions constant. Shake the flasks in the dark at 25℃ and 120 r/min for 24 hours, then remove and filter them through double ring medium speed filter paper. Measure the adsorbed ammonia nitrogen and phosphate ion concentrations using Nessler's reagent spectrophotometry and ammonium molybdate spectrophotometry, respectively. Calculate the adsorption capacity and removal rate of modified zeolite and modified montmorillonite for ammonia nitrogen and phosphate ions according to equations (1) and (2), respectively, and screen for better modification conditions based on the adsorption results. After filtration, ammonia‑nitrogen concentration was determined by Nessler’s reagent spectrophotometry, and phosphate concentration was measured by ammonium molybdate spectrophotometry. The adsorption capacity and removal rate of the target pollutants were calculated using Equations 1 and 2, respectively.

                                                   (1)

                                                (2)

[bookmark: OLE_LINK1]In the equations, qe represents the equilibrium adsorption capacity, in mg/g; C0 and Ce denote initial and equilibrium concentrations, in mg/L respectively; m is the adsorbent mass, in g; V is the solution volume, in L; and Re (%) is the removal efficiency. All experiments were performed in triplicate with blank controls, showing <5% variation between replicates.
[bookmark: OLE_LINK94]Text S2. Pseudo-First-Order, Pseudo-Second-Order and Two-Compartment First-Order Models

                                                    (3)

                                                      (4)

                                            (5)
[bookmark: _Hlk197961777][bookmark: _Hlk197960917][bookmark: OLE_LINK99]Where qt represents the adsorption capacity (mg/g) at time t, k1a and k2a denote the rate constants (h⁻¹) for pseudo-first-order and pseudo-second-order kinetics, respectively. For the two-compartment model, k1 and k2 correspond to the fast- compartment adsorption and slow-compartment adsorption rate constants (h-1), with f1 and f2 representing their respective contribution ratios f1+f2=1.
[bookmark: OLE_LINK100]Text S3. Langmuir and Freundlich isotherm models

[bookmark: _Hlk218519650]                                                       (6)

                                                      (7)

                                                          (8)
[bookmark: _Hlk198041201]The Langmuir model defines qm as the theoretical maximum adsorption capacity (mg/g), KL as the equilibrium constant, and RL (dimensionless) as the separation factor. The adsorption favorability is determined by RL values: 0 < RL < 1 indicates favorable adsorption, whereas RL > 1 suggests unfavorable conditions. The Freundlich model employs KF (equilibrium constant) and n (heterogeneity factor). Adsorption feasibility is assessed through n values: 1 < n < 10 denotes preferential adsorption, while n < 0.5 implies significantly hindered adsorption processes.
Text S4. The influence of optimal material dosage and oscillation speed on adsorption effect
Based on the optimized modification conditions, the effects of the dosage of modified zeolite (8%Na-NM-60Z-24h-500°C) on ammonia nitrogen adsorption and the dosage of modified montmorillonite (La-MMT-4h-500°C) on phosphate adsorption were investigated, respectively(Fig. S1). The results indicated that for both materials, the removal rate was positively correlated with the dosage, whereas the adsorption capacity was negatively correlated. Specifically, as the dosage of modified zeolite increased from 3 g/L to 7 g/L, the ammonia nitrogen removal rate increased from 57.40% to 92.43%, while the adsorption capacity decreased from 7.02 mg/g to 3.23 mg/g. For modified montmorillonite, as the dosage increased from 0.5 g/L to 2.5 g/L, the phosphate removal rate increased from 46.23% to 102.02% (with the calculated value exceeding 100%), while the adsorption capacity decreased from 95.41 mg/g to 41.02 mg/g. Regarding the effect of shaking speed, the removal rate and adsorption capacity of both materials increased with increasing shaking speed, exhibiting a trend of rapid initial increase followed by a gradual plateau. For modified zeolite, within the shaking speed range of 90–210 r/min, the ammonia nitrogen removal rate increased from 70.31% to 81.35%, and the adsorption capacity increased from 4.34 mg/g to 4.99 mg/g; the increase became less pronounced above 120 r/min. For modified montmorillonite, within the shaking speed range of 90–180 r/min, the phosphate removal rate increased from 68.92% to 78.16%, and the adsorption capacity increased from 69.45 mg/g to 79.05 mg/g; saturation was reached above 150 r/min. Considering these results, the optimal shaking speed for both materials was determined to be 180 r/min, which ensures sufficient contact and rapid attainment of adsorption equilibrium.
[image: ]
[bookmark: OLE_LINK36]Fig. S1 Effects of adsorbent dosage and agitation speed on adsorption performance, (a) Ammonia nitrogen (NH4+-N) and (b)phosphate (PO43-) removal efficiency and adsorption capacity versus material dosage; (c) NH4+-N and (d)PO43- removal efficiency versus agitation speed. 






[bookmark: OLE_LINK3]Table S1 Structural parameters of different materials
	[bookmark: OLE_LINK39]Material
	BET Surface Area (m2/g)
	Pore Volume (cm3/g)
	Ad Pore Size (nm)

	Natural Zeolite
	11.058
	0.035
	12.666

	[bookmark: OLE_LINK40]Modified Zeolite
	7.306
	0.033
	18.243

	Natural Montmorillonite
	[bookmark: OLE_LINK126]204.955
	0.285
	5.556

	[bookmark: _Hlk218523661]Modified Montmorillonite
	63.337
	0.141
	8.903



[bookmark: OLE_LINK38][bookmark: OLE_LINK37]Table S2 Adsorption kinetic model parameters of modified zeolite and modified montmorillonite
	Material
	qe (exp)
	[bookmark: OLE_LINK45]Pseudo-first-order kinetic model
	Pseudo-second-order kinetic model
	Two-compartment first-order kinetic model

	
	
	qe (cal)
	k1a
	R2
	qe (cal)
	k2a
	R2
	qe (cal)
	k1
	k2
	f1
	f2
	k1/k2
	R2

	Modified Zeolite
	4.93
	4.58
	3.794
	0.932
	4.82
	1.161
	0.982
	4.84
	14.330
	0.674
	0.521
	0.479
	21.261
	4.84

	Modified Montmorillonite
	77.82
	68.10
	9.365
	0.848
	71.04
	0.203
	0.919
	77.00
	27.801
	0.296
	0.655
	0.345
	93.922
	0.999



[bookmark: OLE_LINK26]Table S3 Parameters of modified zeolite and modified montmorillonite isothermal adsorption model
	Material
	Langmuir
	
	Freundlich

	
	qm
	KL
	R2
	
	KF
	1/n
	R2

	Modified Zeolite
	14.23
	0.04
	0.979
	
	3.12
	0.256
	0.850

	
	14.44
	0.04
	0.983
	
	3.10
	0.259
	0.856

	
	14.57
	0.04
	0.982
	
	3.14
	0.259
	0.852

	[bookmark: OLE_LINK25]Modified Montmorillonite
	106.39
	0.03
	0.953
	
	47.917
	0.118
	0.983

	
	105.88
	0..03
	0.958
	
	47.871
	0.117
	0.980

	
	106.61
	0.03
	0.954
	
	48..100
	0.117
	0.983



[bookmark: OLE_LINK66]Table S4 Magnetization data sheet of composite materials
	Fe3O4 Content（%）
	10
	15
	25
	60

	Magnetization（emu/g）
	±7.25
	±8.48
	±18.05
	±41.81
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