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Supplementary video 1: Al chloride single crystal 

Supplementary video 2: Al nitrate single crystal

X-ray single crystal supplementary information
Crystal Data for HOAlCl (M =79.44 g/mol): trigonal, space group R-3c (no. 167), a = 11.8260(2) Å, c = 11.9064(3) Å, V = 1442.07(5) Å3, Z = 27, T = 291.58(10) K, μ(Cu Kα) = 9.475 mm-1, Dcalc = 1.6679 g/cm3, 2741 reflections measured (14.98° ≤ 2θ ≤ 144.7°), 321 unique (Rint = 0.0503, Rsigma = 0.0193) which were used in all calculations. The final R1 was 0.0960 (I>=2u(I)) and wR2 was 0.2350 (all data).

Crystal Data for Al(NO3)3.9H2O (M =58.00 g/mol): monoclinic, space group P21/c (no. 14), a = 13.85684(14) Å, b = 9.45095(10) Å, c = 10.87930(13) Å, β = 95.4618(9)°, V = 1418.29(3) Å3, Z = 26, T = 123.90(10) K, μ(CuKα) = 4.945 mm-1, Dcalc = 1.766 g/cm3, 10835 reflections measured (11.35° ≤ 2θ ≤ 145.454°), 2778 unique (Rint = 0.0179, Rsigma = 0.0126) which were used in all calculations. The final R1 was 0.0558 (I > 2σ(I)) and wR2 was 0.2261 (all data).
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Figure S1: a) Aluminium nitrate single crystal derived from the Al foil, b) and c) images show the hydrogen bond formation in the x-ray single crystal of homemade aluminium chloride hexahydrate and aluminium nitrate nonahydrate, respectively. 
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Figure S2: X-ray powdered of a) aluminium chloride hexahydrate and b) aluminium nitrate nonahydrate.
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Figure S3: XRD patterns of Boehmite (γ-AlOOH) and γ-Al2O3 produced from commercial aluminium chloride (AC120 and AC550) and aluminium foil waste (ACFL120 and ACFL550).
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Figure S4: XPS survey of ACFL550 and AC550 catalysts at binding energy range of 0-1000 Ev.

[image: image5.png]% weight loss

100

920

80

70

60

50

40

30

20

10

—AC-S

—AN-S

0
50

150

250

350

450 550 650

Temperature (°C)

750

850 950





Figure S5: TGA curves of aluminium chloride and nitrate single crystals derived from the Al foil.
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Figure S6: TGA curves of Boehmite (γ-AlOOH) and γ-Al2O3 produced from commercial aluminium chloride (AC120 and AC550) and aluminium foil waste (ACFL120 and ACFL550). 
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Figure S7: SEM images of Boehmite (γ-AlOOH) produced from commercial aluminium chloride (AC120) and aluminium foil waste (ACFL120) along with the γ-Al2O3 produced from commercial aluminium chloride (AC550) and aluminium foil waste (ACFL550). 
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Figure S8: EDX data of a) ACFL120, b) AC120, c) ACFL550 and d) AC550 catalysts.


Figure S9: shows a) the HAADF-STEM, b) TEM-EDX of the un-purified ACFL550 catalyst.
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Figure S10: The catalytic conversion profiles of methane oxidation over 5Pd-ACFL (5 wt% Pd, 2 wt% Pt on 17.5% TiO2/ ACFL550,5Pd-AC (5 wt% Pd, 2 wt% Pt on 17.5% TiO2/ AC550   along with the mono support component, without acidic support, 93% TiO2(5 wt% Pd, 2 wt% Pt on 93% TiO2) under reaction temperatures of 200-500 °C with a GHSV of 100,000 mL g-1 h-1. 

Table S1: Lattice parameters and space group for the homemade aluminium chloride hexahydrate

	Lattice parameters and space group
	This work
	Ref.[1968]

	Crystal system
	Trigonal
	(hexag Trigonal onal)

	Space group
	R-3c
	R-3c

	a/Å
	11.8260(2)
	11.827 ± 0.006

	b/Å
	11.8260(2)
	-

	c/Å
	11.9064(3)
	11.895 ± 0.003

	α/°
	90
	90

	β/°
	90
	90

	γ/°
	120
	120

	Volume/Å3
	1442.07(5)
	-

	Z
	27
	-

	Crystal density (ρcalc g/cm3)
	1.667
	1.644

	Temperature (K)
	291.58(10)
	295


Table S2: Lattice parameters and space group for the homemade aluminium nitrate nonahydrate

	Lattice parameters and space group
	This work
	Ref.[1983]

	Crystal system
	Monoclinic 
	Monoclinic

	Space group
	P21/c
	P21/c

	a/Å
	13.85684(14)
	13.8937 (14)

	b/Å
	9.45095(10)
	9.6258 (7)

	c/Å
	10.87930(13)
	10.9127 (7)

	α/°
	90
	90

	β/°
	95.4618(9)
	95.66 (1)

	γ/°
	90
	90

	Volume/Å3
	1418.29(3)
	1452.3 (2)

	Z
	26
	-

	Crystal density (ρcalc g/cm3)
	1.766
	-

	Temperature (K)
	123.9 (10)
	295


Table S3: ICP-OES data of the % in the single crystals produced from Al foil along with the γ-Al2O3 produced from commercial precursor and Al foil waste, where FL and Com are referred to the foil and commercials precursors, respectively.

	Phases
	Compound name
	% Al

	Single crystals
	Al(NO3)3.9H2OFL
	7.17

	
	Al(NO3)3.9H2OCom
	7.09

	
	AlCl3.6H2OFL
	11.13

	
	AlCl3.6H2OCom
	11.17

	γ-Al2O3
	ACFL550
	45.79

	
	AC550
	45.21
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