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Materials and methods 
[bookmark: _Hlk160286880]Text S1. Chemicals
[bookmark: OLE_LINK4]The pure kaolin was supplied by Acros Organics BVBA, with CAS number: 1332-58-7, and molecular formula H2Al2Si2O8·H2O. Hydrogen peroxide (H2O2, AR), Ferric nitrate nonahydrate (Fe(NO3)3·9H2O, 98.5%), Sodium hydroxide (NaOH, 96%), Hydrochloric acid (HCl, GR), Hydroxylamine hydrochloride (NH2OH-HCl, 98.5%), Sulfuric acid (H2SO4, AR) were purchased from Sinopharm Chemical Reagent Co., Ltd., China. Ferrous chloride (FeCl2, 98%) was provided by Sigma-Aldrich. 2-(N-morpholino) ethanesulfonic acid (MES, 99%), 1,4-piperazinedi ethanesulfonic acid (PIPES, 99%), 4-(2-Hydroxyethyl)-1-piperazi-neethanesulfonic acid (HEPES, 99%) was provided by Macklin Biochemical Technology Co., Ltd. (Shanghai, China).

[bookmark: _Hlk160309890]Text S2. Powder X-ray diffraction sample preparation
At specific reaction time points (e.g., 4 h, 24 h, and 96 h), the samples were subjected to anaerobic filtration, and all solid samples were collected from 10 mL of reaction suspension. A glass rod was used to evenly spread the samples on a smooth glass slide, and the mineral composition was scanned and identified using an X-ray diffractometer (Shimadzu-6100) after drying.

Table S1 Specific surface area of the ferrihydrite (Fhy), kaolinite (Kln), and Fhy-Kln associations

	Sample
	SSA(m2·g-1)
	multiply by Fhy and Kln of proportions

	Kln
	25.16
	/

	10%Fhy-Kln
	31.67
	42.88

	30%Fhy-Kln
	81.33
	78.34

	50%Fhy-Kln
	149.86
	113.80

	Fhy
	202.44
	/



Table S2 Compare the H+ consumption of Fhy-Kln associations and multiply by Fhy and Kln of proportions

	Samples
	Consumption of H+(mmol·g-1)
	multiply by Fhy and
Kln of proportions
	times

	10%Fhy-Kln
	0.487
	0.207
	2.35

	30%Fhy-Kln
	0.784
	0.451
	1.74

	50%Fhy-Kln
	0.917
	0.696
	1.32



Table S3 The FTIR spectrum characteristic infrared bands of Ferrihydrite (Wu et al., 2019)

	Mineral
	[bookmark: _Hlk132831408]Characteristic infrared bands (cm-1)
	The bands are attributable

	Ferrihydrite
	3339
	Structure OH
stretching vibrations

	
	580
	Structure OH
bending vibrations

	
	465
	Internal layer Fe-OH
bending vibrations




[bookmark: _Hlk160351742]Table S4 The FTIR spectrum characteristic infrared bands of kaolinite (Tchakouté et al., 2020, Guo et al., 2021, Machida et al., 2021)

	Characteristic infrared bands (cm-1)
	The bands are attributable
	characteristic infrared bands
(cm-1)
	The bands are attributable

	3695
	Internal surface Al-OH 
stretching vibrations
	914
	Outside surface Al-OH 
bending vibrations

	3658
	Outside surface Al-OH 
stretching vibrations
	795
	Al-O-Si out-of-plane
 bending vibrations

	3626
	Internal layer Al-OH 
stretching vibrations
	754
	Al-O-Si in-plane 
bending vibrations

	1106
	O-Al-O stretching vibrations
	699
	O-Si bending vibrations

	1032
	Si-O-Si antisymmetric 
stretching vibrations
	539
	Al-O-Si Variable Angle vibrations

	1010
	Si-O-Si symmetric 
stretching vibrations
	471
	Si-O-Si bending vibrations

	937
	Internal surface Al-OH 
bending vibrations
	432
	O-Si bending vibrations




[bookmark: _Hlk155787585][bookmark: _Hlk160870835][bookmark: _Hlk160824941]Fig. S1 XRD standard patterns of lepidocrocite, goethite, magnetite, and kaolinite


Fig. S2 SEM images of the kaolinite (Kln), and Fhy-Kln associations; (a) Kln; (b) 10% Fhy-Kln; (c) 30% Fhy-Kln; (d) 50% Fhy-Kln

Fig. S3 (a) Adsorption-desorption isotherms of kaolinite (Kln) and ferrihydrite (Fhy). (b) pore size distribution plots of ferrihydrite (Fhy), kaolinite (Kln), and Fhy-Kln associations 


Fig. S4 The (a) transformation rate of ferrihydrite of Fhy and Fhy-Kl associations at pH 7.5 with 0.5 mM Fe2+ and (b) Fe2+ of solution 


[bookmark: _Hlk150805918]Fig. S5 XRD patterns of Fhy and 50%Fhy-Kln systems at pH 5.5/6.5 with 0.5 mM Fe2+. (a) 50%Fhy-Kln system of pH 5.5; (b) 50%Fhy-Kln system of pH 6.5; (c) Fhy system of pH 5.5; (d) Fhy system of pH 6.5 (Fhy, Lpe, Gt, and Kln in XRD patterns were ferrihydrite, lepidocrocite, goethite and kaolinite, respectively)


Fig. S6 (a): The Fe2+ of solution of Fhy and 50%Fhy-Kln systems at different pH values with 0.5 mM Fe2+. The transformation rate of ferrihydrite of Fhy and 50%Fhy-Kln at (b) pH 5.5, (c) pH 6.5 and (d) pH 7.5 with 0.5 mM Fe2+


Fig. S7 XRD patterns of Fhy and 50%Fhy-Kln systems at pH 7.5 with 1/2 mM Fe2+. (a) 50%Fhy-Kln system of 1 mM Fe2+; (b) 50% Fhy-Kln system of 2 mM Fe2+; (c) Fhy system of 1 mM Fe2+; (d) Fhy system of 2 mM Fe2+ (Fhy, Lpe, Gt, Mag, and Kln in XRD patterns were ferrihydrite, lepidocrocite, goethite, magnetite and kaolinite, respectively)


Fig. S8 (a): The Fe2+ of solution of Fhy and 50%Fhy-Kln systems at pH 7.5 with different concentration of Fe2+. The transformation rate of ferrihydrite of Fhy and 50%Fhy-Kln systems at pH pH 7.5 with (b) 0.5 mM Fe2+, (c) 1 mM Fe2+ and (d) 2mM Fe2+ 


[bookmark: _Hlk160871091]Fig. S9 The transformation rate of ferrihydrite of Fhy and 50% Fhy-Kln systems at different reaction conditions. (a): pH pH 7.5 and 0.5 mM Fe2+, (b): pH pH 7.5 and 1 mM Fe2+, (c) : pH pH 7.5 and 2 mM Fe2+, (d): pH pH 6.5 and 0.5 mM Fe2+ 


[bookmark: _Hlk160871105]Fig. S10 The Fe2+ of solution of Fhy and 50% Fhy-Kln systems at different reaction conditions. (a): pH pH 7.5 and 0.5 mM Fe2+, (b): pH pH 7.5 and 1 mM Fe2+, (c) : pH pH 7.5 and 2 mM Fe2+, (d): pH pH 6.5 and 0.5 mM Fe2+ 


Fig. S11 H+ consumption from pH 11 to pH 3 of 50%Fhy+Kln mixed and 50%Fhy-Kln associations systems
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