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S-1. Characterization techniques
The functional groups of the prepared nanocomposites and ashes was recorded by using  Fourier transform infra-red (FTIR 8400 S Shimadzu, Japan) in the spectrum range from 400 to 4000 cm-1 with scanning rate 2 cm-1 s-1. Raman spectroscopy was obtained for nanocomposites by using (SENTERRA, Bruker Optics, USA), The Raman spectra obtained from 500 cm-1 to 4000 cm-1 at room temperature. The compositional analysis and elemental ratios of the prepared nanocomposites and ashes were carried out by Energy Dispersive X-Ray (EDX) analysis combined with the scanning electron microscopy SEM (JEOL JSM 6360LA, Japan). The crystallinity of the prepared nanocomposite was investigated by X-ray diffraction analyses (XRD, 7000 Shimadzu, Japan) at room temperature. The 2θ range for all samples was in the range from 5° to 80° with Scan speed of 4° per minute. Scanning electron microscope (SEM, JEOL JSM 6360LA, Japan) was used to investigate the surface morphologies of composites in addition to the precursors (RHAs), samples were prepared by gold coating to avoid the local electrical charges build up. Particle size of the prepared nanocomposites is performed using Transmission Electron Microscopy (JOEL JEM 100CX, Japan), the samples were prepared by sonication in ethanol and then a few drops of the resulting suspension were put onto a grid coated with carbon. The specific surface area of the nanocomposites was measured by Brunauer-Emmett-Teller (BET) technique based on nitrogen adsorption at 77 K by using (NOVA 1000, Quantachrome Instruments, USA).
S-2. Adsorption studies using the prepared GO/SiO2 nanocomposites. 
The characteristic adsorption affinity of the prepared GO/SiO2 nanocomposites, GS1, GS2 , and GS3, was studied by two types of  organic pollutants, one is anionic dye, Trypan blue (TB), and other is phenolic compound, Bisphenol A, using the batch technique. 
Consequently, the variation at the different processing parameters through the treatment of pollutant, Trypan blue (TB) or Bisphenol A (BPA), was monitored by analyzing the effect of contact time over a time period 0-60 min’ time interval, doses of GO/SiO2 nanocomposites utilized changed in the range 0.1-0.4 g/ L, initial pollutant dye concentration of 50-150 mg/L, solution temperature over 25 to 50 °C and the pH that was varied in range 2-12. After completing the adsorption tests, the supernatant was separated from adsorbent by centrifugation at 4000 rpm for 10 min. The residual concentrations after adsorption were measured by UV/Vis. spectrophotometer at a wavelength 590 and 280 nm for TB dye and Bisphenol A, respectively. The removal percentage and adsorption capacity (q) in mg/g were calculated using the equations (1) and (2) respectively [7]:

                                        (1)

                                                    (2)

Where  and  are the initial and final pollutant concentrations respectively in mg/L,  is the volume of the solution given by (L) and  is the mass of adsorbent used (g).
The concentration of pollutant in the solution was measured using an ultraviolet–visible spectrophotometer (Spectro UV–Vis Double Beam PC Scanning, Model UVD-2960, Labomed, Inc.). All experiments were performed three times with three different adsorbents FGS1, FGS2, and FGS3 to compare between them and clarification of the best conditions of synthesis an effective graphene and silica nanocomposite for removal of TB and BPA.
S-3.  Kinetics, isotherms and thermodynamic adsorption behavior. 
To describe the adsorption mechanism, the adsorption kinetic studies were conducted using four kinetic models of pseudo-first-order (PFO), pseudo-second-order (PSO), Elovich, and intra-particle diffusion kinetic models. On the other hand, the adsorption equilibrium for pollutant adsorption onto the adsorbent was theoretically modeled using three different isotherm models of Langmuir, Freundlich, and Temkin equilibrium isotherm models. Adsorption thermodynamics of pollutant onto GO/SiO2 nanocomposites were conducted at the studied solution temperatures range (298-323 K).
S-4. Estimation of the number of graphene layers.
he estimation of the average number of graphene layers (n) in the treated graphite samples by two steps, firstly, the estimation of stacking heights, La, was proposed by Debye-Scherer equation 
La = 0.89 λ / β002 cos 002   (3)
Where β is the full width half maxima-FWHM, and secondly detection of n by the following equation [34] 
n = La /d002    (4)
Where d002 is the interlayer spacing were obtained by using data from XRD patterns.
S-5. Estimation of separation factor (RL)
The vital characteristic of the Langmuir isotherm could be exhibited by the dimensionless constant termed as equilibrium parameter or separation factor (RL) which is formulated as follow: 
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[bookmark: _Hlk22564862]where KL and Co is the Langmuir constant and the initial pollutant concentration, respectively. Established RL values point out the isotherm type which is irreversible (RL = 0), favorable (0 < RL < 1), linear (RL=1) or unfavorable (RL > 1).
S-6. Estimation of thermodynamic parameters. 
The thermodynamic parameters are the standard free energy change (ΔG°), the standard enthalpy change (ΔH°), and the standard entropy change (ΔS°) for the adsorption of TB and BPA onto FGS2 nanocomposites at various temperatures were calculated and listed in Tables 4. The apparent thermodynamic parameters, ΔH° and ΔS°, for TB and BPA adsorption using synthesized FGS2 are calculated from the slopes and intercepts of the linear variation of ln Kc vs. 1/T as shown in Fig. 11 (b) by using the following equation:
ln Kc = (ΔS°/ R) – (ΔH°/RT)                                                   (6)
Where R is the universal gas constant, 8.314 J mol−1 K−1 and T is the absolute temperature in Kelvin. The distribution coefficient Kc was calculated using the following equation:
Kc =                                                            (7)
The ΔG° for the adsorption process is calculated by using the following equation:
ΔG° = ΔH° − TΔS°                        (8)

Table S1: Kinetic and equilibrium isotherm models utilized to describe pollutant adsorption process onto the prepared GO/SiO2 nanocomposites.
	Kinetic Models

	Model
	Linear form
	Plot
	Parameter

	Pseudo-first-order
(PFO)

	ln (qe-qt) = ln qe –k1t 


	ln (qe –qt) vs. t
	k1- pseudo-first-order adsorption rate constant (L/min)
qt-amount adsorbed (mg/g)
qe- amount of adsorption equilibrium (mg/g)


	Pseudo-second-order
(PSO)

	

	
vs. t
	k2 - equilibrium rate constant of pseudo-second order (g/ mg min)
qe - amount of adsorption equilibrium (mg/g)

	Intra-particle diffusion
	

	

vs. 
	
intra-particle diffusion rate constant (mg/g. min)

	Boyd
	Bt = −0.4977 − ln(1 − F)
	Bt vs. t
	F is the fraction of solute adsorbed at any time, t (min), calculated from F = qt/qe

	Isotherm Models

	Model
	Linear form
	Plot
	Parameter

	Langmuir
	

	
 Vs. Ce
	qm - Maximum adsorption
capacity (mg/g)
b- Langmuir isotherm constant

	Freundlich
	

	ln qe vs. ln Ce
	qe – Equilibrium dye uptake on adsorbent (mg/g)
Ce- Equilibrium dye concentration (mg/L)
Kf- Measure of adsorption capacity (mg/g)
nf- Adsorption intensity

	Temkin
	qe= B ln KT + B lnCe
B = RT/b 
	qe vs. lnCe
	KT – Temkin isotherm constant (L/g) 
B – Temkin constant related to heat of sorption (J/mol) 
R – Gas constant (8.314 J/mol K)
 T – Absolute temperature (K)


Table S2. The pseudo-first order (PFO) and pseudo-second-order kinetic (PSO) parameters for TB and BPA removal using FGS2 adsorbent
	Kinetic model
	
	PFO
	
	PSO

	Initial pollutant concentration
(mg/L)
	qexp
(mg/g)
	
	k1
(min−1)
	qe
(mg/g)
	R2
	
	k2
(g/mg.min)
	qe
(mg/g)
	R2

	
	
	
	
	
	
	
	
	
	

	TB

	50
	205.82
	
	0.0921
	99.570
	0.9933
	
	0.4381
	217.39
	0.9990

	75
	269.70
	
	0.0866
	107.91
	0.9891
	
	0.4545
	285.71
	0.9993

	100
	375.82
	
	0.1088
	206.53
	0.9993
	
	0.4098
	400.00
	0.9996

	150
	430.15
	
	0.1018
	182.29
	0.9956
	
	0.4286
	476.19
	0.9994

	BPA

	50
	233.03
	
	0.0984
	201.95
	0.9979
	
	0.1162
	303.03
	0.9975

	75
	332.13
	
	0.1025
	257.88
	0.9956
	
	0.1689
	400.00
	0.9980

	100
	414.48
	
	0.1251
	270.02
	0.9952
	
	0.2973
	454.55
	0.9997

	150
	434.39
	
	0.1317
	230.30
	0.9972
	
	0.4565
	476.19
	0.9999






Table S3: Langmuir, Freundlich and Temkin isotherms equilibrium parameters for TB and BPA adsorption using FGS2 nanocomposites.
	Equilibrium isotherm
	Langmuir constant
	
	Freundlich constant
	
	Temkin constant

	Pollutant
	
	qm (mg/g)
	b
(L/mg)
	R2
	
	KF (mg/g)
	nf
(L/g)
	R2
	KT (L/mg)
	B (J/mol)
	R2

	TB
	454.55
	0.4783
	0.9950
	212.34
	4.8924
	0.8403
	27.8075
	62.310
	0.8399

	BPA
	500.00
	0.1117
	0.9889
	109.52
	3.0084
	0.8210
	0.8681
	107.180
	0.8197


Table S4: Dimensionless equilibrium parameter (RL) tested at different initial concentrations of TB and BPA onto FGS2.
	Initial concentration (mg/L)
	 
	RL

	Pollutant
	
	TB 
	BPA

	50
	
	0.0383
	0.1483

	75
	
	0.0278
	0.1127

	100
	
	0.0204
	0.0803

	150
	
	0.0141
	0.0555















[bookmark: _Hlk55063226]Table S5:  Adsorption capacity of TB and BPA by graphene/SiO2 nanocomposites obtained from RHA in comparison to other literature values.
	[bookmark: _Hlk55063262]Adsorbents
	Adsorbate
	Adsorption capacity , qm (mg/g)
	Reference

	Zn modified Luffa sponge
	TB
	47
	[1]

	nHAp@GO
	TB
	41
	[2]

	PDDA/GO
	TB
	50
	[3]

	MgO nanoparticles
	TB
	132
	[4]

	 PAC-WS@AC
	TB
	113
	[5] 

	Graphene/SiO2 from RHA
	TB
	455
	Present Study

	Rice husk ash
	BPA
	9
	[6] 

	Graphene
	BPA
	182
	[7]

	AgBr@rGo
	BPA
	80
	[8]

	Activated carbon from rice straw
	BPA
	182
	[9]

	HCPNSs
	BPA
	203
	[10]

	Si@C
	BPA
	116
	[10]

	Magnetic grapefruit peel biochar
	BPA
	342
	[11] 

	CuZnFe2O4–biochar composite
	BPA
	263
	[12]

	Activated charcoal
	BPA
	229
	[13] 

	KOH-activated TPC
	BPA
	123
	[14] 

	MAP-GBM
	BPA
	324
	[15] 

	Vc-GBM
	BPA
	133
	[16]

	Magnetic carbon nanotube
	BPA
	45
	[17] 

	Magnetic particles MPDVB
	BPA
	91
	[18]

	SB-beta-CD
	BPA
	121
	[19]

	Biochar KLP
	BPA
	220
	[20]

	Fe3O4@Co/Ni-LDH
	BPA
	239
	[21]

	Graphene/SiO2 from RHA
	BPA
	500
	Present Study


MAP-GBM= magnesium ascorbyl phosphate-graphene-based monoliths.
Vc-GBM = three-dimensional-graphene-based monoliths.
MPDVB = magnetic polydivinylbenzene.
powder activated carbon (PAC) 
granular activated carbon (WS@AC)
Luffa sponge (LS)
graphene oxide-doped nano-hydroxyapatite ((nHAp@GO)
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Figure S1: Particle size distribution of (a) RH, and (b) RHA. 
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[bookmark: _Hlk42708180]Figure S2: Effect of contact time and initial concentration of (a) TB and (b) BPA on the removal efficiency, Pseudo-first-order (PFO) kinetic plot of (c) TB, and (d) BP, and Pseudo-second-order (PSO) plot of (e) TB, and (f) BPA adsorption on FGS2 [pH: 3, agitation speed: 300 rpm, temperature: 25 °C and optimum adsorbent dose]. 
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Figure S3: (a) Effect of agitation speed on adsorption of Trypan blue and (b) Effect of agitation speed on adsorption of BPA by FGS2 [initial concentration: 100 mg/L, adsorbent dose: 0.1 g/L, contact time: 30 min, pH: 3 and temperature: 25˚C].
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Figure S4: (a) Langmuir, (b) Freundlich, and (c) Temkin isotherm models  plot for the adsorption of TB and BPA by FGS2 hybrid nanocomposites.
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