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[bookmark: _Hlk98831862][bookmark: _Hlk100342596]SI. 1 The preparation of reagent
[bookmark: _Hlk97971806]GO solution or the BC/GO solution was prepared by dispersing GO in deionized water uniformly by ultrasonic (2 h) and stirring (1000 rpm, 8 h). The PVA solution was prepared by dispersing the PVA powder in deionized water and stirring with 90℃ water bath heating until the solution was uniformly. The glutaraldehyde mixed solution was prepared by mixing the 50% glutaraldehyde, methyl alcohol, acetic acid, sulfuric acid and deionized water with the volume ratio of 5:20:20:2:150.
[bookmark: _Hlk89110760]SI. 2 Preparation of rGA and BC/rGA
[bookmark: _Hlk97978304][bookmark: _Hlk97973020][bookmark: _Hlk97975747][bookmark: _Hlk97975451][bookmark: _Hlk97976350]Firstly, 60 mL 2.5 g L-1, 5 g L-1, 10 g L-1, 15 g L-1 GO solution were prepared respectively, 3 mL 100 mg L-1 PVA solution and 10 mL glutaraldehyde mixed solution were putted into the GO solution under stirring. The mixture was poured into container and frozen-melt five times repeatedly. And then, the sample was immersed into 80 ℃ L-ascorbic acid solution for 12 h to reduce the GO and washed by 75% alcohol to removal the residual reagents. Finally, the samples were freezing dried for 48 h (-50℃), and the rGA was obtained which were named rGA(2.5), rGA(5), rGA(10) and rGA(15), respectively. Fig. S1 showed that the structure of rGA(10) and rGA(15) were unstable due to insufficient PVA connection with GO.
[bookmark: _Hlk97976171][bookmark: _Hlk97976066][bookmark: _Hlk97976575]10 mg rGA(2.5), rGA(5), rGA(10), and rGA(15) were putted into 10 mL Cr(Ⅵ) solution with the initial concentration of 15 mg L-1, 35 mg L-1, 55 mg L-1, 75 mg L-1 and 100 mg L-1, respectively. The adsorption results showed that the rGA(5) had better adsorption capacity (Fig. S2). Therefore, the concentration of GO solution was determined as 5 mg L-1.
[image: ]
[bookmark: _Hlk103692523]Fig. S1 rGA with different GO content
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[bookmark: _Hlk100590983][bookmark: _Hlk98061655]Fig. S2 The comparison of qe on different concentration Cr(Ⅵ) solution by rGA of different GO content
[image: ]
Fig. S3 rGA and BC/rGA with different ratio of BC and GO
Table S1 The preparation methods of aerogels
	Aerogel
	Raw materials
	Preparation methods and process
	References

	Graphene–carbon sphere hybridaerogel decorated with silver nanoparticles (G/AgCS)
	[bookmark: OLE_LINK3]Graphene oxide (GO)
Carbon spheres 
Ailver nanoparticles (AgCS)
	Graphene oxide (GO) and carbon spheres doped with silver nanoparticles (AgCS) were prepared separately. G/AgCS hydrogel was then synthesized by induced reduction and gelation of a mixture of GO and AgCS in an oil bath. The G/AgCS aerogel was obtained by freeze drying the hydrogel.
	Dubey et al. 2014

	Metal salt templated carbon aerogels
	Hexamethylomelamine
	Formed hexamethylomelamine (MF) solution with metal salt, and adjust the solution pH to 4.5. Then, the solution was heated at 60 ℃ for 1 h to generate a MF resin/CaCl2 composite. The composite was dried and cured at 180 ℃ for 6 h and then carbonised at 700, 800 or 900
℃ for 2 h under nitrogen.
	Masika and Mokaya 2013

	Carbon Aerogel Monoliths (CAMs)
	Linear phenolic resin
Hexamethylenetetramine (HMTA)
	CAMs was prepared through a sol-gel polymerization of linear phenolic resin and hexamethylenetetramine (HMTA) (16 h), followed by ambient pressure drying (24 h) and carbonization (900 ℃).
	Jia et al. 2016

	3D periodic graphene aerogel
	Graphene oxide (GO)
resorcinol–formaldehyde (R–F)
	Fumed silica powders and catalyst (that is, (NH4)2CO3 or R–F solution) were added into as-prepared aqueous GO suspensions， and obtained GO ink. The GO ink was extruded through a micronozzle immersed in isooctane and supercritically dried to remove the liquid. Then, the structure was heated to 1,050 ℃ under N2 for carbonization. Finally, the silica filler was etched using HF acid
	Zhu et al. 2015

	Graphene Aerogels
	Graphene oxide (GO)
	Graphene aerogels are developed by directionally freezing aqueous suspensions of polyamic acid salt and graphene oxide to form vertically aligned monoliths, followed by freeze-drying, imidization at 300 °C and graphitization at 2800 °C
	Min et al. 2018

	CNT/graphene hybrid aerogel
	Carbon nanotubes
Graphene
	The hydrothermal process was developed to prepare graphene aerogel by using GO as a precursor in Teflon-lined stainless steel autoclave at 120 ℃ for 12 h. The obtained aerogel was employed as a template for the in-situ growth of nanotubes, and the chemical vapor deposition (CVD) facility at 800℃
	Wang et al. 2017a

	Graphene bonded carbon nanofiber aerogels
	Electrospun polyacrylonitrile nanofibers
Graphene oxide
	The carbon aerogel was prepared using electrospun polyacrylonitrile nanofibers and graphene oxide as precursor. By freeze-shaping (liquid nitrogen) and subsequent carbonization (800 ℃), the aerogel obtained
	Luo et al. 2018

	Arbitrary-shaped reduced graphene oxide aerogels
	Graphene oxide (GO)
	Arbitrary-shaped reduced graphene oxide (rGO) aerogels are prepared by freeze-drying process and followed unsaturated water vapor reduction method staring from GO aqueous suspensions
	Shang et al. 2020

	Graphene oxide/biopolymer composite aerogels
	Graphene oxide
Biopolymer
	GO suspension was added in GC blend and the composite hydrogel wad obtained after gelation. GC hydrogel was freeze-dried by a specific freeze-drying cycle, and was obtained after DHT treatment
	Kovtun et al. 2020


[bookmark: _Hlk100823530]SI. 3 Solid-liquid separation of different adsorbents after adsorption
[image: ]
Fig. S4 Solid-liquid separation of different adsorbents after adsorption
SI. 4 Data analysis
The adsorption capacity at time t (qt, mg g-1) and equilibrium (qe, mg g-1) were calculated by Eqs. (S1) and (S2), respectively:
	(S1)
	(S2)
[bookmark: _Hlk97624382][bookmark: _Hlk100388727][bookmark: _Hlk97623475][bookmark: _Hlk97623774]where t (min) is the contact time, V (L) is the solution volume, and m (g) is the adsorbent mass. qe (mg g–1) and qt (mg g–1) are the amounts of contaminants adsorbed on the adsorbents at equilibrium and a given time t, respectively. C0 (mg L-1) is the initial concentration of Cr(Ⅵ), Ct (mg L-1) is the concentration of Cr(Ⅵ) after contacting t min and Ce (mg L-1) is the concentration of Cr(Ⅵ) when the adsorption has reached equilibrium.
[bookmark: _Hlk100342867][bookmark: _Hlk99616527][bookmark: _Hlk98058864][bookmark: _Hlk97623077]The adsorption kinetics of Cr(Ⅵ) was studied with a pseudo-first order model, pseudo-second-order model, intra-particle diffusion model and Boyd model. The model equations were expressed in the Eqs (S3-S6) (Boyd et al. 1947; Ho et al, 1998; Liang et al. 2017a; Singh et al. 2017):
[bookmark: _Hlk100764854]Pseudo-first-order model: 	(S3)
Pseudo-second-order model: 	(S4)
Intraparticle diffusion model: 	(S5)
Boyd model: 	(S6)
where L (mg g–1) is the intercept of the vertical axis; B is π2Di·r–2 (Di is the effective diffusion coefficient of the adsorbate and r is the radius of adsorbent particles hypothesized to be spherical). k1 (min–1) and k2 (g mg–1 min–1) are the adsorption rate constants of the pseudo-first-order model and the pseudo-second-order model, and Ki (mg g–1 min–1/2) is the overall diffusion constant for the sorption.
[bookmark: _Hlk100342923][bookmark: _Hlk97625341][bookmark: _Hlk97625350]Adsorption isotherm data of Cr(Ⅵ) onto tested adsorbents were analyzed by Langmuir and Freundlich models, and the two models are expressed as Eqs. (S7, S8) (Liang et al. 2017b).
[bookmark: _Hlk104996380]Langmuir: 	(S7)
Freundlich: 	(S8)
[bookmark: _Hlk109291844]where qm (mg g-1) is the maximum adsorption capacity, KL is Langmuir constant, KF (mg(1–1/n) L1/n g–1) and n are the Freundlich adsorption constants.
[bookmark: _Hlk100347528]The thermodynamic behavior of the adsorption was investigated using Gibbs free energy change (ΔG, KJ mol-1), adsorption heat (ΔH, KJ mol-1) and adsorption entropy change (ΔS, kJ (K·mol)-1). The thermodynamic parameters were calculated by the equation as Eqs. (S9-S12) (Hu et al. 2011; Saleh et al. 2018):
[bookmark: _Hlk104996903]	(S9)
	(S10)
	(S11)
	(S12)
where R (8.314 J·(mol·K)-1) is the universal gas constant, T (K) is the temperature, ka represents the Langmuir constant (b), qe (mg g–1) and Ce (mg L–1) are the amounts of contaminants adsorbed on the adsorbents and concentration of the Cr(Ⅵ) at equilibrium, respectively; ΔG (kJ·mol-1) is the Gibbs free energy change, ΔH (kJ·mol-1) is the adsorption heat, ΔS (kJ·(K·mol)-1) is the adsorption entropy change.
SI. 5 Characterization of materials
[image: ]
Fig. S5 Nitrogen adsorption–desorption isotherm Linear absolute plot (a) and BJH desorption cumulative pore volume of rGA and BC/rGA (b)
Table S2 Textural properties of rGA and BC/rGA
	Adsorbent
	BET surface area
(m2 g-1)
	Average pore diameter
(nm)
	t-Plot Micropore area
(m2 g-1)
	t-Plot external surface area
(m2 g-1)

	rGA
	13.74
	8.26
	1.31
	12.43

	BC/rGA
	17.65
	6.96
	5.73
	11.92



[image: ]
Fig. S6 The FTIR spectra of BC/rGA with the ratio of BC to GO was 1:10, 1:4 and 1:2, respectively
Calculation of layer spacing by XRD
The layer spacing was calculated according to Bragg's law.
	(1)
[bookmark: _Hlk114905493]Where d was layer spacing, n is X-ray wavelength (n=1). XRD measurements were employed with a X-ray diffractometer equipped with Cu-Ka tuber, λ=0.1542 nm (Bao et al. 2011).
[image: ]
Fig. S7 Raman spectra of rGA and BC/rGA
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[bookmark: _Hlk98948549][bookmark: _Hlk103602114][bookmark: _Hlk98948508][bookmark: _Hlk98948322]Fig. S8 The C 1s and O 1s of rGA and BC/rGA

[image: ]
Fig. S9 FTIR spectra (a) and SEM images of biochar (b) and ball milled biochar (c)
Put the same amount of biochar and BC into the same volume of water solution, and then shook for 30 min. And then started the timer after the shock stops. Fig. S10 showed the dispersion state of biochar and BC in aqueous solution after stopping shock for 0 min, 5 min, 30 min, 6 h and 24 h, respectively. It was obvious from the figure that biochar precipitated at the bottom of the container soon after stopping the oscillation, while BC could still be evenly dispersed in the aqueous solution after stopping the oscillation for 24 h. Good dispersity of BC could make BC uniformly distributed in BC/rGA. Therefore, BC was selected as one of the raw materials for preparing BC/rGA in this work.
[image: ]
[bookmark: _Hlk100605020][bookmark: _Hlk100605441]Fig. S10 Comparison of the dispersion of biochar (left) and ball milled biochar in aqueous solution (right)
[image: ]
[bookmark: _Hlk98062012]Fig. S11 SEM images of graphite (a) and GO (b)
[image: ]
Fig. S12 Comparison of the dispersion of graphite (left) and GO (right) in aqueous solution
[bookmark: _Hlk100605271]Fig. S11 showed the SEM images of graphite and GO. Massive graphite (Fig. S9 a) reacted with strong oxidants such as KMnO4 and H2SO4, and then oxygen-containing functional groups were introduced into the layers to complete strong interactions (Marcano et al. 2010). The layers were removed from each other to form lamellar GO (Fig. S11 b).
Compared the dispersion of graphite and GO in aqueous solution, and the treatment was similar with the Comparison of the dispersion of biochar (left) and ball milled biochar in aqueous solution (right). It could be seen from the Fig. 12 that graphite almost precipitated at the bottom of the container after 30 min of shock, while GO could still be evenly dispersed in aqueous solution after 24 h. This was because graphite was hydrophobic, while GO was hydrophilic (Xu et al. 2011), which was also useful for the preparation of GAs.
[image: ]
[bookmark: _Hlk103694069]Fig. S13 The density of rGA and BC/rGA
The density of prepared aerogels was tested by simply diving the weight by the volume, and the measured densities of rGA and BC/rGA were ranged from 0.0109 g cm-3 to 0.0175 g cm-3.
SI. 6 Adsorption kinetic
[bookmark: _Hlk99269773]Table S3 Internal diffusion equation parameters of Cr(Ⅵ) adsorption on GO and aerogels
	Adsorbents
	The first stage
	The second stage
	The third stage

	
	C1
(mg g-1)
	Kid 1
(mg g-1 min-0.5)
	R12
	C2
(mg g-1)
	Kid 2
(mg g-1 min-0.5)
	R22
	C3
(mg g-1)
	Kid 3
(mg g-1 min-0.5)
	R32

	GO
	0.14
	0.58
	0.985
	1.28
	0.35
	0.992
	7.58
	0.033
	0.440

	rGA
	3.14
	2.46
	0.869
	19.09
	0.34
	0.996
	26.12
	0.073
	0.581

	BC/rGA(1:10)
	1.56
	1.63
	0.912
	11.89
	0.27
	0.954
	19.10
	-0.033
	0.109

	BC/rGA(1:4)
	0.47
	1.34
	0.977
	5.37
	0.63
	0.987
	14.78
	0.16
	0.899


[bookmark: _Hlk103675751][bookmark: _Hlk103694236][image: ]
[bookmark: _Hlk116035215]Fig. S14 The cycle adsorption capacity of rGA and BC/rGA (C Cr(Ⅵ)=50 mg L-1, pH=2, T= 298 K)
[bookmark: _Hlk116035179]Table S4 The comparation of adsorption capacity with different adsorbents
	[bookmark: _Hlk116035199]Adsorbent
	qe
(mg g-1)
	Adsorption experimental condition
	Separation method (from solution)
	References

	[bookmark: _Hlk117706540]Mesoporous NiO
	4.74
	CCr(Ⅵ)=30 mg L-1, NiO = 6 g L-1, pH=4.7, T=30℃, 100 rpm
	Centrifugation
	[bookmark: _Hlk117706563]Behnajady and Bimeghdar 2014

	Fe3O4@NiO
	6.50
	CCr(Ⅵ)=20 mg L-1, Fe3O4@NiO= 2 g L-1, T=25 ℃
	Centrifugation
	Mahmoudi and Behnajady 2018

	Biochar particles from Onopordom
Heteracanthom
	16.65
	CCr(Ⅵ)=20 mg L-1, biochar=1 g L-1, pH=2, T=15℃, 140 rpm
	Filtration
	Ghorbani-Khosrowshahi and Behnajady 2016

	Biochar prepared from raw corn
	1.63
	CCr(Ⅵ)=5 mg L-1, adsorbent=2 g L-1, T=25℃, 120 rpm
	Filtration
	Li et al. 2018

	Nano ZnO/ZnS modified biochar
	2.08
	
	
	

	Biochar prepared from the Artemisia argyi stem at 300, 450, 600°C
	AS300
	12.48
	CCr(Ⅵ)=50 mg L-1, adsorbent=2 g L-1, T=25℃, 120 rpm
	Filtration
	Song et al. 2019

	
	AS450
	9.17
	
	
	

	
	AS600
	15.77
	
	
	

	Biochar-based iron oxide composite (FeYBC)
	10.28
	CCr(Ⅵ)=20 mg L-1, adsorbent=2 g L-1, pH=4.72, T=30℃, 150 rpm
	Filtration
	Dong et al. 2021

	
	19.13
	CCr(Ⅵ)=40 mg L-1, adsorbent=2 g L-1, pH=4.72, T=30℃, 150 rpm
	
	

	
	24.65
	CCr(Ⅵ)=80 mg L-1, adsorbent=2 g L-1, pH=4.72, T=30℃, 150 rpm
	
	

	
	25.08
	CCr(Ⅵ)=120 mg L-1, adsorbent=2 g L-1, pH=4.72, T=30℃, 150 rpm
	
	

	Graphene–carbon sphere hybridaerogel decorated with silver nanoparticles (G/AgCS)
	12.69
	CCr(Ⅵ)=20 mg L-1, adsorbent= 0.5 g L-1, T=25℃, 200 rpm
	Using tweezers
	Dubey et al. 2014

	Reduced graphene oxide aerogel (rGA)
	26.95
	CCr(Ⅵ)=50 mg L-1, adsorbent=1 g L-1, T=25℃, 150 rpm
	Using tweezers
	This work

	Ball-milled biochar/reduced graphene oxide aerogel (BC/rGA)
	19.43
	
	
	


[bookmark: _Hlk100397808][bookmark: _Hlk100388807]SI. 7 Effect of pH and temperature on Cr(Ⅵ) adsorption and adsorption thermodynamics
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Fig. S15 Zeta potential of rGA and BC/rGA, and Cr(Ⅵ) ion species under different pH value
solution
Table S5 Adsorption isotherm parameters of of Cr(Ⅵ) adsorption on GO and carbon aerogel at different temperatures
	Adsorbents
	Temperature
K
	Freundlich
	Langmuir

	
	
	N
	KF
(mg g-1)
	R2
	Qm
(mg g-1)
	KL
(L mg-1)
	R2

	rGA
	288
	2.50
	7.51
	0.906
	48.76
	0.017
	0.990

	
	298
	2.31
	5.98
	0.982
	61.92
	0.041
	0.999

	
	303
	2.42
	6.85
	0.946
	52.37
	0.030
	0.986

	BC/rGA(1:4)
	288
	2.91
	6.39
	0.911
	34.82
	0.039
	0.949

	
	298
	2.69
	6.36
	0.949
	41.03
	0.040
	0.982

	
	303
	2.64
	6.13
	0.959
	46.41
	0.051
	0.977


Table S6 Thermodynamic parameters for the adsorption of rGA and BC/rGA
	Adsorbents
	Temperature (K)
	ΔG (kJ mol-1)
	ΔH (kJ mol-1)
	ΔS (J·(K·mol)-1)

	rGA
	288
	-10.75
	0.28
	1.01

	
	298
	-17.04
	
	

	
	303
	-27.01
	
	

	BC-rGA(1:4)
	288
	-13.37
	0.22
	0.80

	
	298
	-16.30
	
	

	
	303
	-26.81
	
	


SI. 8 Adsorption mechanism

[image: ]
Fig. S16 The O 1s of rGA and BC/rGA after adsorption (rGA-Cr, BC/rGA-Cr)
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