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EXPERIMENTAL
1. Preparation of MgFeAl-LDH
In the synthesis of MgFeAl-LDH, 5 g of red mud was added into 200 mL 3M HCl aqueous solution at 100 ℃, and the reaction mixture was vigorously agitated. A similar process was followed for ferronickel slag. After 2 h, the residue was filtered and washed with 200 mL deionized water. The resultant solutions were collected and labeled. Later, 2M NaOH aqueous solution was dropwise added to a solution mixture of 5 mL red mud and 17 mL ferronickel slag untill pH 10 under continuous magnetic stirring. The mixture was stirred at room temperature for 18 h. Then, the precipitate was thoroughly washed with deionized water until pH 7, followed by washing with 500 mL acetone. The process was then followed by re-dispersion into 300 mL acetone and vigorously stirred for 4 h to produce MgFeAl-LDH-2,10. Finally, MgFeAl-LDH-2,10 was dried at 70 ℃ for 12 h.
The synthesis of MgFeAl-LDH-1,10 and MgFeAl-LDH-3,10 led to the preparation of 5 mL red mud and 7 mL ferronickel slag, and 5 mL red mud and 43 mL ferronickel slag, respectively. During the synthesis of MgFeAl-LDH-2,9 and MgFeAl-LDH-2,11, 2M NaOH solution was added dropwise to the mixture of 5 mL red mud and 17 mL ferronickel slag until pH 9 and 11, respectively.
2. Characterization
X-ray fluorescence (XRF, Phillips, Axios) spectrometry was used to determine the chemical compositions of red mud and ferronickel slag. X-ray diffraction (XRD, Rigaku, Japan) patterns of the synthesized MgFeAl-LDH were analyzed using Cu-Kα (λ = 1.54 Å) radiation. The chemical compositions of the synthesized MgFeAl-LDH were characterized by inductively coupled plasma optical emission spectrometry (ICP-OES, Optima 7300DV). The N2 adsorption-desorption analysis of the synthesized MgFeAl-LDH was performed at 77 K with a Micromeritics ASAP-2000 sorptometer. The samples were pretreated at 130 ℃ for 12 h under vacuum conditions. The specific surface area was measured using the Brunauer, Emmet, and Teller (BET) method. The morphology of MgFeAl-LDH was studied using a scanning electron microscope (SEM, Hitachi, Japan) equipped with an energy dispersive X-ray (EDX) detector. The stability of MgFeAl-LDH was studied by thermogravimetric analysis (TGA, SCINCO, S-1000), where 10 mg of MgFeAl-LDH was heated to 800 ℃ at 5 ℃.min–1 under Ar atmosphere (10 mL/min). Fourier transform infrared (FT-IR, Bruker, Germany) spectra of MgFeAl-LDH were recorded at room temperature. 


Table S1. Chemical composition of the red mud and ferronickel slag used. 
	Composition
	Red muda (wt.%)
	Ferronickel slaga (wt.%)

	
	Raw
	Acid-washed
	Raw
	Acid-washed

	SiO2
	22.37
	77.23
	50.18
	88.64

	Al2O3
	31.86
	3.15
	5.67
	3.57

	Fe2O3
	27.41
	4.22
	10.37
	3.02

	MgO
	0.10
	-
	33.51
	4.28

	K2O
	0.04
	0.04
	0.05
	0.03

	CaO
	0.24
	0.36
	0.09
	0.35

	P2O5
	0.49
	-
	-
	-

	TiO2
	6.45
	12.06
	0.10
	0.07

	Na2O
	10.48
	2.46
	0.01
	0.04

	MnO
	-
	-
	0.02
	-

	ZrO2
	0.56
	0.48
	-
	-

	Total
	100.00
	100.00
	100.00
	100.00


a Measured by XRF.


Table S2. Comparison of the red dye adsorption capacities by different adsorbents.
	Entries
	Adsorbents 
	Capacity max (mg/g)
	Ref.

	
	
	CR
	AR
	RR
	

	1
	MgAl-LDH
	 37.2
	108.0
	 59.5
	1

	2
	MgFe-LDH
	104.6
	
	
	2

	3
	ZnFe2O4/MgAl-LDH
	294.1
	
	
	3

	4
	NiFe-LDO
	330.0
	
	
	4

	5
	NiFe-LDH/carbon fiber
	448.4
	
	
	5

	6
	MgAl-LDH-EDTA-AM
	632.9
	
	
	6

	7
	DS-ZnAl-LDH
	149.3
	
	
	7

	8
	GO-NiFe-LDH
	450.0
	
	
	8

	9
	borate anions intercalated MgAl-LDO
	273.0
	
	
	9

	10
	NiMgAl-LDO
	1250.0
	
	
	10

	11
	clay-APTES 
	
	300.0
	
	11

	12
	saccharide-derived BC 
	
	  2.0
	
	12

	13
	thiol-functionalized PVA/SiO2
	
	211.7
	
	13

	14
	PPy/CMC NPs
	
	
	104.9
	14

	15
	eggshell biocomposite beads
	
	
	 46.9
	15

	16
	10%-CuO/BC
	
	
	1399.0
	16

	17
	MgAlFe-LDH-2,10
	386.1
	120.9
	114.0
	This work


LDO: layered double oxide; EDTA: ethylenediaminetetraacetic acid; AM: acrylamide; DS: dodecylsulfate; GO: graphene oxide; APTES: (3-aminopropyl)triethoxysilane; BC: biochar; PVA: polyvinyl alcohol; PPy/CMC NPs: polypyrrole/carboxymethyl cellulose nanocomposite particles.
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