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Reagents and materials
All chemical reagents used in this study were of analytical reagent (AR) grade from Sigma-Aldrich, NSW, Australia. The glassware and plasticware used during the experimental and analytical work were washed in 3% HNO3 solution followed by rinsing three times. Stock solutions of 1000 mg L-1 Sb(V) in Milli-Q water (resistivity of 18.3 MΩ.cm) were prepared from potassium hexahydroxyantimonate (potassium pyroantimonate, KSb(OH)6), Sigma-Aldrich. Zirconium (IV) oxychloride octahydrate (ZrOCl2.8H2O), iron (III) chloride hexahydrate (FeCl3.6H2O), iron chips (Fe), sodium nitrate (NaNO3), potassium nitrate (KNO3), magnesium nitrate (Mg(NO3)2), calcium nitrate (Ca(NO3)2), sodium sulphate (Na2SO4), sodium carbonate (Na2CO3), sodium phosphate monobasic (NaH2PO4), nitric acid (HNO3), hydrochloric acid (HCl) and sodium hydroxide (NaOH) were (Sigma-Aldrich). The biosolid biomass (BSBM) was obtained from Winmalee sewage treatment plant-Winmalee, NSW, Australia. The working feedstock of BSBM was  stored at ambient temperature (approximately 24°C) after being oven dried at 80 °C for 24 h and ground to a powder (<1 mm, 50 mesh). 


Preparation of pristine biochar
The feedstock was air-dried, ground (<1 mm, 50 mesh), and heated in a muffle furnace followed by placing in a ceramic crucible under an N2 atmosphere. The heating rate of 7 °C min-1 was employed using slow pyrolysis with holding at a peak temperature of 300 °C for 30 min 1. The resulting biosolid biochar (BSBC) samples were cooled at room temperature inside the furnace. Afterwards, the BSBC was removed from the furnace, stored in airtight plastic containers and preserved in a desiccator for further experiments.


Zeta potential
Electrophoretic mobility of biochar, often expressed as zeta potential (ZP), can be used to evaluate surface charge properties of particulate systems. ZP is the electrical potential of a sliding plane which is the interface between the stern and diffuse layers in the double layer model of colloidal particles 2,3. ZP was determined for each biochar sample in duplicate using a Zeta-Analyzer (NanoPlus HD, USA). All samples were dried and passed through a No. 200 sieve prior to measurement. A solution containing 0.01 g biochar in 50 mL (0.02%, w/V) 0.01 M NaNO3 was prepared in 50 mL centrifuge tubes. A small amount of the solution was placed into the cell. The velocity of particles moving toward a positively charged electrode is then measured to compute the ZP of each sample using Zeta-Meter. This measurement was taken 4-5 times and averaged, with duplicate samples for each biochar sample.


Point of zero charge (PZC)
The pH at which the net charge of a solid surface is zero, is referred to as zero point charge (PZC), which is one of the most important parameters used to describe variable-charge 4,5. A Zeta-Analyzer NanoPlus HD, USA was used to determine the PZC, where 0.02 g (0.02 % w/V) biochar was taken is a centrifuge tube using 0.01 M NaNO3 as a background electrolyte. pH (1.0-10) was adjusted by using 0.1 M HNO3 and/or NaOH and kept in a rotary shaker for 24 hours. After equilibrium, the samples were placed in a sonicator for 15 minutes and then biochar suspension was injected into the Zeta-analyzer. After proper calibrating the instrument, the PZC was determined from plotting the pH Vs zeta potential (where intersects the curve).

Cation exchange capacity (CEC) 
Effects of biochars on surface charge properties were assessed by CEC and electrophoretic mobility property of biochars. Cation exchange capacity (CECB) is an indicator of abundance on the surface of a material, which can be balanced by exchangeable cations 6-8. In this study, biochar CECB was determined by BaCl2 compulsive exchange modified method as described by Gillman and Sumpter (1986) 9. Results are inserted in Table 1.

BET-N2 surface area 
Specific surface area (SSA) of biochar samples (<2 mm) were measured with nitrogen adsorption isotherms at liquid nitrogen temperature (-196 °C) by a Surface Area and Porosity Analyzer (Micromeritics TriStar II BET, USA). Biochar samples were degassed overnight at 60 °C under vacuum at 2 Torr before N2 adsorption (micromeritics VacPrep 061 Sample Degas System). The molecular surface area of 16.2 Å2 for N2 and BET (Brunauer-Emmett-Teller) 10 equation were used to calculate the surface area of the biochar samples. BET and Langmuir adsorption isotherms were generated to determine the single-point surface area. Pore volume and pore diameter of all biochars were also measure using a gas sorption analyzer by BET method. The mean diameter of the biochar was measured by using a Zeta plus particle size analyzer (NanoPlus HD, USA). The detection range of size of the analyzer is from 2 nm to 3 µm.


Determination of C, N and S 
Biochars were first air-dried at 80 °C and placed into glass vials. At least two subsamples (0.15-0.20 g each) from these sample vials were measured for the contents (wt %) of C, N, and S of all biochars (<150 µm) by a CNS analyzer using LECO, USA operated in CHN mode. 


Fourier transform infrared (FT-IR)
Fourier transform infrared (FT-IR) spectra were recorded using a Cary 600 Series (Agilent Technologies, USA) spectrometer in order to obtain the information on the nature of probable interactions between surface functional groups on the surface of biochar and antimonate ions. This was done by applying a dehydrated KBr disc technique, where biochar samples (150 µm) were mixed with spectroscopic grade KBr at a ratio 1:100 before scanning to produce sufficient transmittance. Spectra over the 4000-400 cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 and a mirror velocity of 0.6329 cm/s. 

X-ray diffraction (XRD)
An X-ray diffractometer (Bruker D8 Advance) was used to collect the crystallinity of the samples before and after Sb(V) sorption. All the samples were dried for 24 h at 60 °C prior to the XRD analysis. The samples were scanned from 5 to 80º by an applied current of 30 mV and a voltage of 40 kV with Co Kα radiation (1.5478 Å). The scanning rate was 1 º (2Ɵ) min-1 with a step size of 0.04 º. The interpretation of the XRD peaks were done using a Match3 (Crystal Impact) software (Germany).

Scanning Electron Microscope (SEM)
Surface morphology of the unmodified, modified and Sb-loaded biochar samples were determined under an Environmental Scanning Electron Microscope (SEM) (Zeiss Sigma, Germany) equipped with a Bruker energy dispersive X-ray spectroscopy (EDS) detector. The purpose of this study was to produce high-resolution surface morphology imaging with less electrostatic distortion. Prior to SEM imaging, all biochar samples were placed on a sample holder, following by coated with C using a high vacuum coater (Cressington 208 carbon coater, USA) for high-resolution imaging.  Finally, the SEM images were taken with an accelerating voltage of 15 kV and multiple magnifications of various areas of the biochars were obtained. 

Transmission Electron Microscope (TEM)
Microstructural analysis of biochar samples were determined by using a high-resolution transmission electron microscope (HRTEM). Before TEM analysis, the grounded biochar samples were dispersed in ethanol following by dried one drop of pristine BSBC, Sb-loaded-ZrBSBC12.5 and Sb-loaded-Zr-FeBSBC(1:20) suspension (after 15 minutes sonication) placed on a copper grid (Lacey carbon film, 100 µm thickness, 300 mesh, copper material). Then the samples were inserted on a sample holder and immediately placed in a JEOL-JEC-4000DS dry pumping station to ensure dry enough the samples. The high-resolution TEM images were taken by using a JEM-2100F(HR) (Japan), transmission electron microscope at an acceleration voltage of 200 kV and energy range 0-20 keV. The high-resolution elemental mapping was also taken at 5000-30000 cps and T3 mode using an energy dispersive x-ray spectroscopy (JEOL-JED-2300). 

X-ray Photoelectron Spectroscopy (XPS)
The elemental oxidation number, surface composition and speciation of sorbed Sb on the biochar surface was determined by XPS (ESCALAB250Xi, Thermo Scientific, UK, mono-chromated Al K alpa).

pH and electrical conductivity measurement
The pH and electrical conductivity (EC) of unmodified and all modified biochars were measured in both water and CaCl2 using 1:20 sample to solution ratio (w/V). pH values were measured using a pH meter (Mettler Toledo FF28, Australia), supplied with a combined electrode, calibrated using commercial pH 4.01, 7.01 and 9.23 buffers. All analysis were performed in triplicate and the average values were recorded.

Major anions and cations analysis
Major anion of biochar samples were also determined by ion chromatography (IC 7900, Agilent Technologies, Tokyo, Japan). Determination of Sb and other total major metals such as Na, K, Mg, Ca, Fe, Al, and P of the solid biochar were extracted by microwave digestion in aqua regia following USEPA 3051 40 method before detecting metals by using the dual view (Axial and radial) inductively coupled plasma optical-emission spectrometer (ICP-OES, PerkinElmer Avio 200, USA). 

Sorption kinetic models
The pseudo-first-order kinetic model can be expressed using equation (S1):
	log(qe-qt) = logqe-[k1/2.303]t 	…………(S1)



Where k1 is the pseudo-first-order rate constant (h-1) and qe (mg/g) is the adsorption capacity at equilibrium and qt (mg g-1) is the adsorbed amount of Sb(V) after time t (h). Lagergren’s first-order rate constant (k1) and qe are calculated from the slope and intercept of plots of log(qe-qt) Vs t.
The pseudo-second order model is commonly used to describe sorption kinetics in which chemical sorption controls the sorption rate and in which the number of active sorption sites on the adsorbent surface and the number of adsorbate ions in the liquid phase together determines the sorption capacity 11. The formation of chemical bond between adsorbate and number of adsorbing sites is the rate-limiting step 12. As suggested by Sheela et al. 13, a close agreement between theoretical and experimental adsorption capacities supports that adsorption process is well described by pseudo second order kinetic model.
The pseudo-second-order kinetics have been applied for analysing chemisorption kinetics from aqueous solutions 14 can be expressed using equation (S2) :
	t/qt = 1/k2. 1/qe2 + t/qe	………………..(S2)



Where k2 is the pseudo-second-order rate constant (g mg-1h-1). qe and qt represent the amount of Sb(V) sorbed (mg/g) at equilibrium and at any time after t (h). The parameters qe and k2 can be calculated from slope and intercept of pseudo second order kinetics plot of t/qt Vs t.  
Elovic model: Zeldowitsch 15 developed a kinetic model which assumes that solid adsorbent surface is generically heterogeneous and no lateral interaction takes place between the adsorbed solute. Linearized form of Elovich model is represented by the following expression (S3):
	qt = 1/β ln(αβ) + 1/ β (lnt)	…………………….(S3)


where qt is the amount of sorbed Sb(V) by biochar at any time t, α is the sorption kinetic at the beginning (mg/g.h) and β is the sorption constant related to the extent of surface coverage and the activation energy for chemisorption during the experiments (g/mg).The constants α and β can be obtained from the slope and intercept of the linear plot of qt Vs lnt.  
The kinetic and isotherms study help to identify the sorption process, but it cannot predict the diffusion mechanism as well as rate-limiting step in the sorption process. The transfer of solute from the aqueous phase to the adsorbent particle surface may be assumed in one or more steps, e.g. film or external diffusion, intra-particle or pore diffusion, surface diffusion and adsorption on the pore surface, or a combination of more than one step 16-18. Generally, in a batch reactor intra-particle diffusion is often rate-limiting step. Weber and Morris 19 proposed an empirically found functional relationship that if intra-particle diffusion is the rate-controlling factor, uptake varies with the square root of time.
The Intra-particle diffusion model can be expressed using equation (S4) :

	qt = kid t1/2 + C	……………………..(S4)



where, qt is the adsorption capacity at any time t and kid is the intra particle diffusion rate constant (mg/g h1/2) and C (mg/g) is the constant which gives an impression of the film thickness of the boundary layer; indicates the larger the intercept, the greater the boundary layer effect 20. The slope and intercept of the linear plot of qt Vs t1/2 was used to calculate Kid and C. If the plot of qt Vs t1/2 is linear and passes through the origin, i.e. C=0, then the sorption process is considered to be only controlled by the Intraparticle diffusion 17 and multi-linear plot attributed to the  process controlled  by more than one mechanism 21. 

Sorption isotherm models
The adsorbed capacity of Sb(V) concentration q (mg g-1), and percentage (%) of removal for all biochars were calculated according to equation S5 and S6 respectively. 
qe = [(Co-Ce)V]/A ……………………….………………………….(S5)

% metal removal = [(Co-Ce)100]/Co……………………...…………(S6)

where qe (mg g-1) represents the adsorption capacity of Sb(V) onto the biochars at equilibrium conditions, Co and Ce refer to the original and final (equilibrium) Sb(V) concentrations in solution (mg L-1), respectively, V is the total volume (L) of the Sb(V) solution and A (g) indicates the oven dried amount of biochar. 
Four sorption isotherm models were used to fit the equilibrium experimental data of Sb(V) sorption to unmodified and modified biochars, namely the Langmuir, Freundlich, Temkin and Dubinin-Radushkevich models (Table 4). The Langmuir isotherm assumes that the valid monolayer sorbent homogenously covering the sorbent surface consists of finite identical binding sites with equal sorption activated energy and none of the binding sites of adsorbent affects its neighbours 22,23 thus adopts uniform energies of sorption on the surface and no transmigration sorbate in the plane of the surface whereas the Freundlich isotherm is based on the assumption that multilayer sorption on an energetically heterogeneous surface and can be used to describe the chemisorption process.
The equation (S7) is used to describe in the Langmuir model (monolayer model) 24:

	Qe = Qm Ce KL/(1 + CeKL) …………………………………..(S7)



Where Qe is the equilibrium adsorbed concentration of Sb(V) in solid phase (mg g-1), Qm is the maximum sorption capacity (mg g-1) of Sb(V), represents complete monolayer coverage of sorbent with sorbate.Ce (mg L-1) is the equilibrium Sb(V) concentration and KL is an equilibrium constant (L mg-1) related to binding strength. The constants are calculated from slope and intercept of the linear plots of Ce/qe versus Ce, respectively. Additionally, the important characteristics of the Langmuir isotherm can be explained by separation factor RL, which is calculated by the equation (S8).

	RL= 1/1+KLC0	………………………………………….
	(S8)



Where C0 (mg/L) is the initial concentration of Sb(V). There are four probabilities for the RL value; (i) for favourable sorption, 0<RL<1, (ii) for unfavourable sorption, RL>1, (iii) for linear sorption, RL = 1, and (iv) for irreversible sorption, RL = 0.

The Freundlich model assumes a heterogeneous adsorption surface and active sites with different energy 23. The Freundlich equation (nonlinear model) is an empirical adsorption model usually expressed as the following equation (S9) 25.

	Qe = KF Ce1/n      ……………………..…(S9)



Where Qe and Ceare defined previously, KF is a Freundlich affinity coefficient related to the measure of the adsorption capacity and n is a Freundlich exponential coefficient measure of the adsorption intensity. Linear form of Freundlich equation is expressen by equation (S10):
	logqe = 1/n logCe + logKf     …………………(S10)


Temkin isotherm model considered the effects of some indirect sorbate/adsorbate interactions on adsorption isotherms and suggested that, the heat of adsorption of all the molecules in the layer would decrease linearly because of increase with surface coverage. The Temkin isotherm assumes linear rather than logarithm decrease of heat of adsorption while ignoring extremely low and very high concentration. It also assumes uniform distribution of bounding energy up to some maximum bonding energy. The Temkin isotherm has been generally applied in the following equation (S11):

	Qe = BlnA + BlnCe 	……………………..(S11)



Where qe is the amount of adsorbate adsorbed at equilibrium (mg/g); Ce is the concentration of adsorbate in solution at equilibrium (mg/L). B is a constant related to the heat of adsorption and it is defined by the expression B= RT/b, b is the Temkin constant (J/mol), T is the absolute temperature (K), R is the gas constsnt (8.314 J/mol K), and A is the Temkin isotherm constant (L/g). From the plot of qe Vs lnCe, B and A can be calculated from the slopes (B) and intercepts (BlnA) respectively.
The classical derivation of the Temkin isotherm deals with structural heterogeneity and assumes a constant distribution of sites in a range of energies extending from a highest X down to zero. It has also been suggested that the Temkin isotherm properly describes the case of induced heterogeneity among the adparticles during the adsorption process.
The Dubinin-Radushkevich (D-R) isotherm model is another empirical model, which initially formulated for the sorption process following a pore filling mechanism, gives insight into the biomass porosity as well as the adsorption energy. The D-R isotherm model can be used to determine whether the nature of the adsorption process is physical or chemical. It is generally applied to express the sorption process occurred onto homogeneous and heterogeneous surfaces.  A distinguishing feature of the D-R isotherm is the fact that it is temperature dependent; hence, when sorption data at different temperatures are plotted as a function of logarithm of amount sorbed versus the square of potential energy, all suitable data can be determined. The non-linear expression of Dubinin-Radushkevich isotherm model can be illustrated by equations S12-S13

	lnqe = lnqm - βɛ2		………………(S12)



where qe is the amount of metal ions sorbed per unit weight of adsorbent (mg/L); qmis the maximum adsorption capacity (mg/g); β is the activity coefficient related to the mean free energy of adsorption (D-R constant), E (mol2/J2); and ɛ is the Polanyi potential can be expressed as follows:

	ɛ = RTln(1 + 1/Ce)	……………..(S13)



The mean free energy of activation (E; kJ/mol) is expressed by equation (S14)

	E=1/√2β	…………………..(S14)



Where R is the gas constant (8.314 J/mol K) and T is the temperature (K). qm and β (mol2/kJ2) can respectively be calculated from the intercept and the slopes of the plot of lnqe Vs ɛ2.

Thermodynamic studies
The change of entropy (∆S) and enthalpy (∆H) are important thermodynamic parameters for the identification of spontaneous process. The thermodynamic parameters ∆S, ∆H and the Gibbs free energy (∆G) were calculated using the following equations (S15-17) 22,26:
∆G = -RTlnK	……………………………….(S15)
Kc = qe/Ce	………………………………(S16)
∆G = ∆H – T∆S	……………………………….(S17)
Where R is the ideal gas law constant [8.314×10-3kJ/(mol.K), T is the absolute temperature (K); and Kc is the distribution coefficient, which is the ratio of the equilibrium sorption quantity to the equilibrium concentration of Sb(V).
The final equation can be written as:

lnK = ∆S/R – ∆H/(RT)	 ………………………..(S18)

Based on equation (S16), ∆H and ∆S parameters can be calculated from the slope and intercept, respectively, of the plot of lnKc versus 1/T such as using equation (S19):

∆H = – Slope × R and ∆S = Intercept × R ………………….(S19)

Effect of pH on sorption

Sb(V)) exists in aqueous solution as oxyanion or neutral species and are controlled by the following acid dissociation equilibrium reactions 27.

	Sb(OH)5
	+
	H2O
	→
	Sb(OH)6-
	+ H+ ………........
	pKa
	=2.72



It is apparent that the dissociation depends on the acidity of the solution. In acidic pH range, the proportion of Sb(OH)6- increases with an increase of pH. At lower pH, higher sorption of Sb(V) may be due to the electrostatic interaction of positively charged adsorbent sites and the negatively charged Sb(OH)6-, and HSb2S4- species. At most acidic conditions (pH<5), Sb(V) is known to exist in the negative ionic form 28. Moreover, the formation of oligomers such as Sb12(OH)644- is favoured for Sb(V) on aqueous solutions at pH values <7 29. Thus under acidic conditions, across-surface Sb(III) oligomerization is likely to stabilize the sorbed Sb(V). Correspondingly, at below pH 5, the biochar composites should behave as weak acids and form positive surface sites for anionic Sb(V) sorption by electrostatic interaction. At low pH, the positively charged ZrO, Zr-O-Fe, Fe-O coated sorbents; sorbed Sb(OH)6-, and HSb2S4- species due to -OH, -COOH groups are protonated, which has a high concentration of these functional groups leads to a positively charged surface. Therefore, at the lower pH (pH 1-3), unmodified and modified biochar materials indicate that this is more efficient for Sb(V) sorption 30. This observation might be due to some buffering phenomenon that occurs during sorption reaction.

	Table S1. Zeta potential of pristine and modified biochars

	pH
	Zeta potential (mV)

	
	BSBC
	ZrBSBC6.5
	ZrBSBC12.5
	Zr-FeBSBC (1:20)
	Zr-FeCl3BSBC (1:5)
	FeBSBC
	FeCl3BSBC

	2
	+5.21
	+8.87
	+17.37
	+19.87
	+25.02
	+22.4
	+12.23

	3
	+2.63
	+7.77
	+21.91
	+25.75
	+21.15
	+7.84
	+16.2

	4
	-2.03
	-3.48
	-5.12
	+6.83
	+15.43
	-2.9
	-4.66

	5
	-7.65
	-4.25
	-13.32
	+3.87
	+9.98
	-5.33
	-7.46

	6
	-10.28
	-8.4
	-20.28
	+2.24
	-4.78
	-6.87
	-6.66

	7
	-13.54
	-10.58
	-31.26
	-7.51
	-13.79
	-15.93
	-6.86

	8
	-14.73
	-13.53
	-35.54
	-17.75
	-12.21
	-6.91
	-7.05

	9
	-17.36
	-18.21
	-27.28
	-22.34
	-16.45
	-7.23
	-10.13

	10
	-20.59
	-21.11
	-25.87
	-25.12
	-19.72
	-11.57
	-12.57

	11
	-24.21
	-23.25
	-31.55
	-28.57
	-25.68
	-19.81
	-15.36




	Table S2. Physico-chemical characteristics of biochars

	Biochar
	Specific surface area (BET), (m2/g)
	Pore 
volume 
(cm3 g-1)
	Pore size/diameter (nm)
	Average particle size (nm)
	pHPZC
	EC 
(mS/cm)
	pH
	CEC 
(cmol(+)/kg)

	
	
	
	
	
	
	
	In 
H2O
	In 
CaCl2
	

	BSBC
	4.64
	0.006
	6.51
	1292
	3.6
	0.32
	7.12
	5.98
	8.1

	ZrBSBC6.5
	35.78
	0.033
	4.01
	167
	3.7
	12.51
	6.78
	6.13
	7.62

	ZrBSBC12.5
	75.85
	0.06
	3.37
	79
	3.8
	10.34
	8.97
	8.37
	6.24

	Zr-FeBSBC(1:20)
	27.87
	0.038
	6.22
	215
	6.2
	22.64
	4.48
	4.19
	6.11

	Zr-FeCl3BSBC(1:5)
	25.51
	0.019
	3.92
	235
	5.7
	18.57
	5.64
	5.17
	5.63

	FeBSBC
	6.60
	0.007
	5.75
	909
	3.9
	18.96
	5.41
	5.28
	5.11

	FeCl3BSBC
	24.02
	0.027
	4.80
	249
	3.8
	20.54
	5.88
	5.45
	5.06




	Table S3. Total elemental composition of biochars

	Biochar
	C (%)
	N (%)
	S (%)
	mg/g 

	
	
	
	
	Na
	K
	Mg
	Ca
	Fe
	Al
	P

	BSBC
	22.88
	3.60
	1.12
	1.99
	4.24
	7.76
	22.97
	100.69
	29.65
	54.86

	ZrBSBC6.5
	21.93
	3.32
	1.56
	7.86
	2.68
	6.69
	18.26
	83.69
	21.81
	2.16

	ZrBSBC12.5
	20.71
	3.10
	1.11
	26.99
	2.83
	8.82
	18.84
	79.12
	20.37
	0.83

	Zr-FeBSBC (1:20)
	18.73
	2.38
	0.64
	34.87
	1.37
	0.83
	1.81
	270.1
	10.62
	4.66

	Zr-FeCl3BSBC (1:5)
	17.88
	2.76
	0.85
	27.18
	1.59
	4.35
	11.88
	238.82
	17.32
	6.12

	FeBSBC
	21.83
	3.27
	1.05
	71.54
	1.82
	4.19
	12.37
	176.21
	19.26
	43.47

	FeCl3BSBC
	22.96
	3.47
	1.67
	12.75
	2.34
	4.05
	15.04
	228.17
	22.10
	42.86



	

	Figure S1. Point of zero charge (PZC) of biochars




	Intensity
	[image: C:\Backup_Data_UON\Research\Ph.D_UON\Articles_UON_GCER_Team\2. Research Article_Sb\Draft\Sent to Supervisors\Dane_review_18052020\1.1 Materials_Pattern_80.png](A)
ZrBSBC6.5

BSBC

Zr-FeBSBC(1:20)

FeCl3BSBC

FeBSBC

Zr-FeCl3BSBC(1:5)

ZrBSBC12.5



	
	[image: C:\Backup_Data_UON\Research\Ph.D_UON\Articles_UON_GCER_Team\2. Research Article_Sb\Draft\Sent to Supervisors\Dane_review_18052020\2.1 Sb loaded_Pattern_80.png](B)
BSBC + Sb

ZrBSBC6.5 + Sb

ZrBSBC12.5 + Sb

Zr-FeBSBC(1:20) + Sb

Zr-FeCl3BSBC(1:5) + Sb

FeBSBC + Sb

FeCl3BSBC + Sb



	
	10

	20
	  30
	40
	50
	60
	70
	80

	
	2º (Theta)

	
	Figure S2. X-ray diffraction (XRD) pattern of biochars before (A), and after (B), Sb(V) sorption
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	Figure S3. EDS spectra of biochars A(i)-G(i) before, and A(ii)-G(ii) after, Sb(V) sorption with SEM 
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	Figure S4. SEM images of biochars before A(i-ii) to G(i-ii), and after Sb(V) sorption A(iii)-G(iii)
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	Figure S5. TEM elemental images of (A) Pristine BSBC, (B) Sb-loaded BSBC, (C) Sb-loaded ZrBSBC12.5, and (D) Sb-loaded Zr-FeBSBC(1:20)
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Figure S6. Raw TEM-EDS of (A) BSBC, (B) BSBC + Sb, (C) Zr-BSBC12.5,  (D) Zr-BSBC12.5 + Sb, (E) Zr-FeBSBC(1:20)  and (F) Zr-FeBSBC(1:20) + Sb; using Cu grid
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	Figure S7. XPS survey profile of Sb-loaded (A) BSBC, (B) ZrBSC12.5, (C) Zr-FeBSBC and (D) FeBSBC





	

	Figure S8. Separation factor as a function of initial concentration of Sb(V)
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	Figure S9. Influence of major anions (A), and major cations (B), on Sb(V) sorption (Initial Sb concentration was 20 mg/L, biochar density was 4 g/L, at 22 °C)
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	Figure S10. Influence of ionic strength (A), and temperature (B), on Sb(V) sorption (Initial concentration 20 mg/L, biochar dosage 4 g/L, at 22 °C)
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Figure S11. Overlay mapping of Sb(V) with other elements onto (A) BSBC, (B) ZrBSBC12.5, and (C) Zr-FeCl3BSBC by TEM-EDS  


 
	(A)

	(B)


	Biochar dose, g/L
	1/T


	Figure S12. Effect of biochar dosages (A) (Initial concentration was 20 mg/L at 22 °C), and thermodynamics (B) (Initial concentration was 20 mg/L, biochar density was 4 g/L, at 22 °C) on Sb(V) sorption
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	Figure S13. Desorption of Sb(V) from (A) BSBC, (B) ZrBSBC12.5, (C) Zr-FeBSBC(1:5), (D) Zr-FeCl3BSBC (1:5), E) FeBSBC and (F) FeCl3BSBC (Biochar density was 4 g/L under optimum conditions)
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	Figure S14. Kinetic models: First order (A), Second order (B), Elovich (C), and Intraparticle diffusion model (D) (Initial Sb(V) concentration was 5 mg/L, biochar density was 4 g/L at 22 ºC) 
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BSBC	1	2	4	10	1.1499999999999999	1.45	1.86	1.55	ZrBSBC6.5	1	2	4	10	1.46	2.13	2.39	2.25	ZrBSBC12.5	1	2	4	10	2.21	2.57	2.84	2.4900000000000002	Zr-FeBSBC (1:20)	1	2	4	10	3.08	3.48	3.91	3.35	Zr-FeCl3BSBC (1:5)	1	2	4	10	2.77	2.89	3.15	2.84	FeBSBC	1	2	4	10	1.95	2.0699999999999998	2.2200000000000002	2.0299999999999998	FeCl3BSBC	1	2	4	10	1.71	2.0259999999999998	2.0299999999999998	1.85	
Sorbed Sb(V), mg/g




BSBC	3.6101083032490985E-3	3.4722222222222229E-3	3.4129692832764514E-3	3.3557046979865788E-3	3.3003300330033012E-3	3.225806451612905E-3	-1.2688599999999999	-0.64459000000000022	0.12107000000000002	0.28678109032037502	0.67938900175969319	1.098119070409036	ZrBSBC6.5	3.6101083032490985E-3	3.4722222222222229E-3	3.4129692832764514E-3	3.3557046979865788E-3	3.3003300330033012E-3	3.225806451612905E-3	-0.68793128927966007	9.8552569946857738E-2	0.1990183146255837	0.73924032599546752	1.0201819605658582	1.2385812489510568	ZrBSBC12.5	3.6101083032490985E-3	3.4722222222222229E-3	3.4129692832764514E-3	3.3557046979865788E-3	3.3003300330033012E-3	3.225806451612905E-3	3.6266177984394375E-2	0.54854980174762602	0.80956337760588459	1.1219739691598507	1.4593899161904416	1.7619627527942456	Zr-FeBSBC (1:20)	3.6101083032490985E-3	3.4722222222222229E-3	3.4129692832764514E-3	3.3557046979865788E-3	3.3003300330033012E-3	3.225806451612905E-3	0.34224150471814224	1.0509574680183609	1.5830702355869739	1.8797754536529498	2.2497147599576182	2.8177219674402543	Zr-FeCl3BSBC (1:5)	3.6101083032490985E-3	3.4722222222222229E-3	3.4129692832764514E-3	3.3557046979865788E-3	3.3003300330033012E-3	3.225806451612905E-3	0.1552270754556199	0.74926530306943862	1.0206156812527081	1.3624570094031401	1.8528973451604969	2.2214572423700223	FeBSBC	3.6101083032490985E-3	3.4722222222222229E-3	3.4129692832764514E-3	3.3557046979865788E-3	3.3003300330033012E-3	3.225806451612905E-3	0.11631578904409919	0.60727411806608456	0.85106352901781757	0.97678759953843164	1.0767497308133644	1.3211772727589959	FeCl3BSBC	3.6101083032490985E-3	3.4722222222222229E-3	3.4129692832764514E-3	3.3557046979865788E-3	3.3003300330033012E-3	3.225806451612905E-3	-0.29036136094360165	4.0426376367755555E-2	0.15322907279294684	0.46082971913058907	0.7706424868540932	1.159784032329225	
lnKc



Cycle 1	Water	 (NH4)2SO4	 HNO3	 NaOH	6.3802905874921034	6.1648118044266598	43.137254901960787	74.10526315789474	Cycle 2	Water	 (NH4)2SO4	 HNO3	 NaOH	3.0733168381299647	3.2803822807697274	12.605379365716582	8.4474885844748862	Cycle 3	Water	 (NH4)2SO4	 HNO3	 NaOH	2.935656836461126	2.8423429406295657	6.36208368915457	2.5761124121779866	Cycle 4	Water	 (NH4)2SO4	 HNO3	 NaOH	3.43871325568497	3.3777289578470411	4.1351711871943095	1.497504159733777	



Water	(NH4)2SO4	HNO3	NaOH	1.0750712119819905	2.6023691819792933	1.4105282566608279	45.888594164456229	Water	(NH4)2SO4	HNO3	NaOH	1.3786679087098277	2.1242141360259099	0.97747160677713663	24.42244224422442	Water	(NH4)2SO4	HNO3	NaOH	1.5610217596972564	2.0908295244578432	0.88279489105935383	15.450562011811773	Water	(NH4)2SO4	HNO3	NaOH	1.5369836695485111	1.9026855613913392	0.82378562636114006	9.9958088851634521	


Cycle 1	Water	(NH4)2SO4	HNO3	NaOH	1.1558021266759133	1.4465875370919883	1.0997135200073929	37.800730570600834	Cycle 2	Water	(NH4)2SO4	HNO3	NaOH	1.3304600393516348	1.2962615066691716	0.77295585770162045	19.761653341378793	Cycle 3	Water	(NH4)2SO4	HNO3	NaOH	1.3003037205770693	1.2362114872575125	0.63730084348641047	11.075737265415549	Cycle 4	Water	(NH4)2SO4	HNO3	NaOH	1.2590100913022586	1.3004527502167424	0.52760504993404933	8.3908463494369787	


Water	(NH4)2SO4	HNO3	NaOH	4.5561292593376139	7.4722882866483653	19.557836115328744	73.215298134235596	Water	(NH4)2SO4	HNO3	NaOH	1.9333854069128003	3.2172312600136115	9.2508430824671937	31.049069676059876	Water	(NH4)2SO4	HNO3	NaOH	4.6346847466928454	4.1871035833618109	25.013281187331511	10.870853197844458	Water	(NH4)2SO4	HNO3	NaOH	3.5696078311020187	2.9632073222374165	18.911021342654973	6.7293892287689836	


Water	(NH4)2SO4	HNO3	NaOH	1.01	0.76600401240196969	0.54595086442220198	31.861575178997608	Water	(NH4)2SO4	HNO3	NaOH	0.96	0.69788797061524332	0.65946143982414351	15.992835209825994	Water	(NH4)2SO4	HNO3	NaOH	1.23	0.76768263584870422	0.81255771006463506	8.6337573321030785	Water	(NH4)2SO4	HNO3	NaOH	1.1399999999999999	0.65676994287143986	0.89435438792621558	5.9540840656720482	


Water	(NH4)2SO4	HNO3	NaOH	1.4403689661339956	4.0200535095586876	15.713920869246579	73.661681569395597	Water	(NH4)2SO4	HNO3	NaOH	4.8127721843408455	4.6889315873710258	25.178095120459876	26.112929300032466	Water	(NH4)2SO4	HNO3	NaOH	2.0894595552613517	3.1008612673384262	16.264981562853691	10.842500005258641	Water	(NH4)2SO4	HNO3	NaOH	1.46941954218283	2.5279447780234299	20.424214941986573	5.8876233688925232	


BSBC	0	0.5	1	2	3	6	12	24	48	72	96	120	144	4.6924174230034879E-2	2.8042295090749573E-2	-7.2526979004724171E-2	-0.12308968865537274	-0.29791427856417507	-0.42643222696078165	-0.60240756596188283	-0.99567862621735659	-2.2518119729937784	-2.2518119729937784	-2.2518119729937784	-2.2518119729937784	ZrBSBC6.5	0	0.5	1	2	3	6	12	24	48	72	96	120	144	0.53466823821809306	0.45999291226603617	0.38869722846252963	0.23741980535084312	9.6818851139019876E-2	-0.26317902568072149	-0.6211884937915666	-1.5850266520291705	-2.9999999999998548	-2.9999999999998548	-2.9999999999998548	-2.9999999999998548	ZrBSBC12.5	0	0.5	1	2	3	6	12	24	48	72	96	120	144	0.56339615166234669	0.52116063684100311	0.38162433894754083	0.24170413390373538	0.1057390016782721	-0.23732143627256333	-0.59106377344863925	-2.5532114237900676	-1.9907682721085551	-1.6993943272636698	-1.1184281261942279	-1.0420038415935562	Zr-FeBSBC (1:20)	0	0.5	1	2	3	6	12	24	48	72	96	120	144	0.59448855064312034	0.512289190112863	0.38489543894404366	0.23917840024175954	0.15206263651137483	-0.15122541460257702	-0.43713750313590244	-0.58713925864674044	-2.0263847450103869	-2.0263847450103869	-2.0263847450103869	-2.0263847450103869	Zr-FeCl3BSBC (1:5)	0	0.5	1	2	3	6	12	24	48	72	96	120	144	0.58624388076207268	0.52230212623954064	0.40024624743835779	0.26609626489722449	0.10601433330463075	-0.1471055285898839	-0.41379167642751252	-0.44981778242835962	-2.2958328139114248	-2.2958328139114248	-2.2958328139114248	-2.2958328139114248	FeBSBC	0	0.5	1	2	3	6	12	24	48	72	96	120	144	0.52720766276126174	0.48690712761756916	0.41577333501274488	0.28387196227667033	0.10257876356305566	-0.30712319019095013	-0.51422236871933757	-0.69572494952287223	-1.1252781617775132	-1.1252781617775132	-2.0454697830430932	-2.8142129919724383	FeCl3BSBC	0	0.5	1	2	3	6	12	24	48	72	96	120	144	0.51172443573723936	0.46445301147946405	0.40878876245560941	0.25332065971942119	0.2026623223782521	7.4153388816683666E-2	-0.11122570768641411	-0.70663744528855565	-2.8239087409443022	-2.8239087409443022	-2.8239087409443022	-2.8239087409443022	Time (h)


log(qe-qt)




BSBC	0.5	1	2	3	6	12	24	48	72	96	120	144	1.7488632388947181	3.0003000300030016	3.6114120621162877	4.638218923933211	6.693440428380188	11.702750146284377	20.86593635889411	36.951501154734416	51.635111876075747	68.846815834767654	86.058519793459581	103.27022375215149	ZrBSBC6.5	0.5	1	2	3	6	12	24	48	72	96	120	144	0.78500382555470627	0.84888521882741552	1.2386634844868738	1.2850755801575475	2.1335136048673315	3.4125159642401028	6.2781662781662781	11.892963330029733	17.729623245506033	23.63949766067471	29.54937207584339	35.459246491012067	ZrBSBC12.5	0.5	1	2	3	6	12	24	48	72	96	120	144	0.56772009029345416	0.81978798586572454	0.93800789412584173	1.0732044198895028	1.8380505524443773	3.0295379954556934	5.602778088943654	10.579206297146607	15.894793575509324	21.238846278491952	26.88252023627215	32.365232660228273	Zr-FeBSBC (1:20)	0.5	1	2	3	6	12	24	48	72	96	120	144	0.51065680376980283	0.60351428848578004	0.80516138496125123	0.94473797985809282	1.7188343398988368	2.8543911187192417	5.2810846965523144	10.31978057245975	14.69211016627793	19.589480221703909	24.486850277129882	29.384220332555859	Zr-FeCl3BSBC (1:5)	0.5	1	2	3	6	12	24	48	72	96	120	144	0.54168179803927996	0.68913739515519024	0.88234428222934913	1.0222943405367917	1.7125638226909639	2.9503455632358113	5.4615751339710084	10.847365185607472	15.078724115605011	20.104965487473347	25.131206859341685	30.157448231210022	FeBSBC	0.5	1	2	3	6	12	24	48	72	96	120	144	1.271375464684017	1.4458509142053457	1.731292517006803	1.6326751420070329	2.4061818902318208	3.6731327325492598	6.9485452200086	13.488829563018125	19.538359613091298	26.051146150788394	31.991519809195708	38.313502053796213	FeCl3BSBC	0.5	1	2	3	6	12	24	48	72	96	120	144	1.7781629116117852	1.622730860299922	2.0687593423019437	1.7260509007720908	3.1001964636542243	5.1198637428145624	8.7084605712232808	14.399280035998199	20.40527136176846	27.207028482357945	34.008785602947434	40.810542723536919	Time (h)


t/qt



BSBC	0	0.69314718055994529	1.0986122886681098	1.791759469228055	2.4849066497880004	3.1780538303479458	3.8712010109078911	4.2766661190160553	4.5643481914678361	4.7874917427820458	4.9698132995760007	0.33329999999999987	0.55379999999999996	0.64679999999999982	0.89639999999999997	1.0254000000000001	1.1501999999999997	1.2989999999999997	1.3943999999999996	1.3943999999999996	1.3943999999999996	1.3943999999999996	Zr-BSBC6.5	0	0.69314718055994529	1.0986122886681098	1.791759469228055	2.4849066497880004	3.1780538303479458	3.8712010109078911	4.2766661190160553	4.5643481914678361	4.7874917427820458	4.9698132995760007	1.1780155642023344	1.614643545279383	2.3344930417495027	2.8122623574144483	3.5164670658682629	3.8227722772277226	4.0359999999999996	4.0609999999999999	4.0609999999999999	4.0609999999999999	4.0609999999999999	ZrBSBC12.5	0	0.69314718055994529	1.0986122886681098	1.791759469228055	2.4849066497880004	3.1780538303479458	3.8712010109078911	4.2766661190160553	4.5643481914678361	4.7874917427820458	4.9698132995760007	1.2198275862068964	2.1321782178217821	2.7953667953667951	3.2643280632411065	3.9609999999999994	4.2835892514395395	4.5372023809523805	4.52978515625	4.52001953125	4.4638671875	4.44921875	Zr-FeBSBC(1:20)	0	0.69314718055994529	1.0986122886681098	1.791759469228055	2.4849066497880004	3.1780538303479458	3.8712010109078911	4.2766661190160553	4.5643481914678361	4.7874917427820458	4.9698132995760007	1.656961598223307	2.4839740670080084	3.1754836409250995	3.4907377987067294	4.2040489550655451	4.5445209420080079	4.6512616874913899	4.9005894446162008	4.9005894446162008	4.9005894446162008	4.9005894446162008	Zr-FeCl3BSBC (1:5)	0	0.69314718055994529	1.0986122886681098	1.791759469228055	2.4849066497880004	3.1780538303479458	3.8712010109078911	4.2766661190160553	4.5643481914678361	4.7874917427820458	4.9698132995760007	1.4510894446162004	2.2666889107580084	2.9345755728479768	3.5035190633492168	4.0673201639603596	4.3943366906590651	4.4250377099581266	4.7749398057815124	4.7749398057815124	4.7749398057815124	4.7749398057815124	FeBSBC	0	0.69314718055994529	1.0986122886681098	1.791759469228055	2.4849066497880004	3.1780538303479458	3.8712010109078911	4.2766661190160553	4.5643481914678361	4.7874917427820458	4.9698132995760007	0.69163424124513562	1.155206286836935	1.8374751491053676	2.4935770750988144	3.2669660678642711	3.4539603960396037	3.5585	3.6850585937499996	3.6850585937499996	3.750994035785288	3.7584661354581668	FeCl3BSBC	0	0.69314718055994529	1.0986122886681098	1.791759469228055	2.4849066497880004	3.1780538303479458	3.8712010109078911	4.2766661190160553	4.5643481914678361	4.7874917427820458	4.9698132995760007	0.61624513618677013	0.96676300578034668	1.7380715705765404	1.9353612167300378	2.343812375249501	2.7559405940594055	3.3335000000000004	3.5284999999999997	3.5284999999999997	3.5284999999999997	3.5284999999999997	lnt


qt (mg/g)



BSBC	0.70710678118654757	1	1.4142135623730951	1.7320508075688772	2.4494897427831779	3.4641016151377544	4.8989794855663558	6.9282032302755088	8.4852813742385695	9.7979589711327115	10.954451150103322	12	0.28590000000000004	0.33329999999999987	0.55379999999999996	0.64679999999999982	0.89639999999999997	1.0254000000000001	1.1501999999999997	1.2989999999999997	1.3943999999999996	1.3943999999999996	1.3943999999999996	1.3943999999999996	Zr-BSBC6.5	0.70710678118654757	1	1.4142135623730951	1.7320508075688772	2.4494897427831779	3.4641016151377544	4.8989794855663558	6.9282032302755088	8.4852813742385695	9.7979589711327115	10.954451150103322	12	0.63693957115009681	1.1780155642023344	1.614643545279383	2.3344930417495027	2.8122623574144483	3.5164670658682629	3.8227722772277226	4.0359999999999996	4.0609999999999999	4.0609999999999999	4.0609999999999999	4.0609999999999999	Zr-BSBC12.5	0.70710678118654757	1	1.4142135623730951	1.7320508075688772	2.4494897427831779	3.4641016151377544	4.8989794855663558	6.9282032302755088	8.4852813742385695	9.7979589711327115	10.954451150103322	12	0.88071570576540692	1.2198275862068964	2.1321782178217821	2.7953667953667951	3.2643280632411065	3.9609999999999994	4.2835892514395395	4.5372023809523805	4.52978515625	4.52001953125	4.4638671875	4.44921875	Zr-FeBSBC (1:20)	0.70710678118654757	1	1.4142135623730951	1.7320508075688772	2.4494897427831779	3.4641016151377544	4.8989794855663558	6.9282032302755088	8.4852813742385695	9.7979589711327115	10.954451150103322	12	0.97913118225169726	1.656961598223307	2.4839740670080084	3.1754836409250995	3.4907377987067294	4.2040489550655451	4.5445209420080079	4.6512616874913899	4.9005894446162008	4.9005894446162008	4.9005894446162008	4.9005894446162008	Zr-FeCl3BSBC (1:5)	0.70710678118654757	1	1.4142135623730951	1.7320508075688772	2.4494897427831779	3.4641016151377544	4.8989794855663558	6.9282032302755088	8.4852813742385695	9.7979589711327115	10.954451150103322	12	0.92305113778946368	1.4510894446162004	2.2666889107580084	2.9345755728479768	3.5035190633492168	4.0673201639603596	4.3943366906590651	4.4250377099581266	4.7749398057815124	4.7749398057815124	4.7749398057815124	4.7749398057815124	FeBSBC	0.70710678118654757	1	1.4142135623730951	1.7320508075688772	2.4494897427831779	3.4641016151377544	4.8989794855663558	6.9282032302755088	8.4852813742385695	9.7979589711327115	10.954451150103322	12	0.393274853801169	0.69163424124513562	1.155206286836935	1.8374751491053676	2.4935770750988144	3.2669660678642711	3.4539603960396037	3.5585	3.6850585937499996	3.6850585937499996	3.750994035785288	3.7584661354581668	FeCl3BSBC	0.70710678118654757	1	1.4142135623730951	1.7320508075688772	2.4494897427831779	3.4641016151377544	4.8989794855663558	6.9282032302755088	8.4852813742385695	9.7979589711327115	10.954451150103322	12	0.28118908382066277	0.61624513618677013	0.96676300578034668	1.7380715705765404	1.9353612167300378	2.343812375249501	2.7559405940594055	3.3335000000000004	3.5284999999999997	3.5284999999999997	3.5284999999999997	3.5284999999999997	Sqrt (Time), h1/2


qt (mg/g)



BSBC	2	3	4	5	6	7	8	9	10	11	5.21	2.63	-2.0299999999999998	-7.6499999999999995	-10.28	-13.54	-14.73	-17.36	-20.59	-24.21	ZrBSBC6.5	2	3	4	5	6	7	8	9	10	11	8.8700000000000028	7.7700000000000014	-3.48	-4.25	-8.4	-10.58	-13.53	-18.21	-21.110000000000007	-23.25	ZrBSBC12.5	2	3	4	5	6	7	8	9	10	11	17.37	21.91	-5.1199999999999983	-13.32	-20.279999999999994	-31.259999999999994	-35.54	-27.279999999999994	-25.87	-31.55	ZrFeBSBC (1:20)	2	3	4	5	6	7	8	9	10	11	19.87	25.75	6.83	3.8699999999999997	2.2400000000000002	-7.51	-17.75	-22.34	-25.12	-28.57	ZrFeCl3BSBC (1:5)	2	3	4	5	6	7	8	9	10	11	25.02	21.150000000000006	15.43	9.98	-4.78	-13.79	-12.21	-16.45	-19.72	-25.68	FeBSBC	2	3	4	5	6	7	8	9	10	11	22.4	17.84	-2.9	-5.33	-6.87	-15.93	-6.91	-7.23	-11.57	-19.809999999999999	FeCl3BSBC	2	3	4	5	6	7	8	9	10	11	12.23	16.2	-4.6599999999999984	-7.46	-6.6599999999999984	-6.8599999999999985	-7.05	-10.130000000000001	-12.57	-15.360000000000003	pH

Zeta potential (mV)




BSBC	10.360710724588003	19.964357778464802	30.726164670540992	40.384774737412783	54.112175348844517	63.831317328072011	84.499967135629475	104.04817862181753	128.67628728123799	158.65432339750001	215.08244705792018	0.69951504279818277	0.54712517933438609	0.43976788918114551	0.37391856713611238	0.30830644666415341	0.27423646754983205	0.22205327701515198	0.18818551254879595	ZrBSBC6.5	10.360710724588003	19.964357778464802	30.726164670540992	40.384774737412783	54.112175348844517	63.831317328072011	84.499967135629475	104.04817862181753	128.67628728123799	158.65432339750001	215.08244705792018	0.71269043306986635	0.56280629452788478	0.45546661374937802	0.38889839415826516	0.32200966110138507	0.2870538190863815	0.23321540273914912	0.19807865589456827	0.16647866629512453	0.13940747133644849	0.1067369503763252	ZrBSBC12.5	10.360710724588003	19.964357778464802	30.726164670540992	40.384774737412783	54.112175348844517	63.831317328072011	84.499967135629475	104.04817862181753	128.67628728123799	158.65432339750001	215.08244705792018	0.43609209136610178	0.27788270965257722	0.20387237752903981	0.1580285842997238	0.1262211338057484	0.10618711797094939	8.2107682680344199E-2	6.7041920905556412E-2	5.4871657152165104E-2	4.5251564911206403E-2	3.3789168670246353E-2	Zr-FeBSBC (1:20)	10.360710724588003	19.964357778464802	30.726164670540992	40.384774737412783	54.112175348844517	63.831317328072011	84.499967135629475	104.04817862181753	128.67628728123799	158.65432339750001	215.08244705792018	0.63543885119207333	0.47494446186051487	0.37017359616416401	0.30899745899469144	0.25022421929372318	0.22052637779501522	0.17608380952978733	0.14789443942975011	0.12307177280189106	0.10219360330614888	7.7459287941241906E-2	Zr-FeCl3BSBC (1:5)	10.360710724588003	19.964357778464802	30.726164670540992	40.384774737412783	54.112175348844517	63.831317328072011	84.499967135629475	104.04817862181753	128.67628728123799	158.65432339750001	215.08244705792018	0.7640801571126753	0.62697304513568808	0.52200749137122149	0.45381914166732518	0.38275810834265395	0.34455910297036962	0.28423516979756297	0.2438562469495073	0.20683688450906457	0.1745775401390362	0.13495735235909723	FeBSBC	10.360710724588003	19.964357778464802	30.726164670540992	40.384774737412783	54.112175348844517	63.831317328072011	84.499967135629475	104.04817862181753	128.67628728123799	158.65432339750001	215.08244705792018	0.8262308861017057	0.71161056599336447	0.61586956991466701	0.54951585813185111	0.47654432765092675	0.43559078059168471	0.368284467476717	0.32132562291947536	0.27685171875854508	0.23693449654253962	0.18635755874896009	FeCl3BSBC	10.360710724588003	19.964357778464802	30.726164670540992	40.384774737412783	54.112175348844517	63.831317328072011	84.499967135629475	104.04817862181753	128.67628728123799	158.65432339750001	215.08244705792018	0.81534830494255861	0.69618920216718982	0.59821914457447634	0.5311376669736505	0.45812474376429857	0.41749163662402167	0.3512415629209617	0.30540521967172318	0.26228324481061216	0.22381642684356526	0.17539606844621314	Initial Sb(V) concentration, mg/L

RL, Separation factor



BSBC	Cl	NO3	PO4	CO3	SO4	73.180000000000007	74.53	71.31	73.47	73.98	ZrBSBC6.5	Cl	NO3	PO4	CO3	SO4	87.63	88.37	82.991717837524007	84.07	86.88	ZrBSBC12.5	Cl	NO3	PO4	CO3	SO4	91.64	91.88	83.699300106920205	87.554903176076294	89.397321185237402	Zr-FeBSBC (1:20)	Cl	NO3	PO4	CO3	SO4	98.25	99.12	74.180390307116696	96.444724886421	98.4878684103154	Zr-FeCl3BSBC (1:5)	Cl	NO3	PO4	CO3	SO4	97.57	97.98	94.857173830492314	95.184119028604897	97.276588072403598	FeBSBC	Cl	NO3	PO4	CO3	SO4	85.12	86.37	80.991717837524007	82.07	82.88	FeCl3BSBC	Cl	NO3	PO4	CO3	SO4	83.21	84.63	77.688341978061999	79.008922768951606	80.951245865481496	


BSBC	Na	K	Mg	Ca	74.707440931917901	75.707440931917901	75.893941898620696	74.509236809584195	ZrBSBC6.5	Na	K	Mg	Ca	84.629648696038103	84.329648696038106	83.258072430209793	82.903755642468539	ZrBSBC12.5	Na	K	Mg	Ca	87.569914849087198	87.169914849087206	86.554698392665003	85.665434232218502	Zr:FeBSBC(1:20)	Na	K	Mg	Ca	93.229957044245438	92.229957044245396	92.103445548449997	91.333043618396104	Zr-FeCl3BSBC(1:5)	Na	K	Mg	Ca	92.199755047992994	91.169975504799297	90.201263815483202	90.109852542833806	FeBSBC	Na	K	Mg	Ca	90.03	90.91319069540431	89.804860493294441	88.329388170104096	FeCl3BSBC	Na	K	Mg	Ca	88.518202693478599	89.518202693478599	88.485615912477215	87.410239797517605	



BSBC	0.01	0.1	0.5	1	3.37	3.32	3.18	3.04	ZrBSBC6.5	0.01	0.1	0.5	1	4.7300000000000004	4.6100000000000003	4.3781989452716203	3.82	ZrBSBC12.5	0.01	0.1	0.5	1	5.05	4.9684743247228278	4.703207778973745	4.45109318976571	Zr:FeBSBC(1:20)	0.01	0.1	0.5	1	5.35	5.23	5.13	5.01	Zr-FeCl3BSBC(1:5)	0.01	0.1	0.5	1	5.12	4.9013454126919074	4.7704919460608295	4.5199999999999996	FeBSBC	0.01	0.1	0.5	1	4.54	4.41	4.22	3.76	FeCl3BSBC	0.01	0.1	0.5	1	4.8499999999999996	4.71	4.57	4.13	


BSBC	4	15	20	25	30	37	1.4530000000000001	1.9724999999999999	2.2472500000000002	2.3112500000000002	2.4362500000000002	2.5337499999999999	ZrBSBC6.5	4	15	20	25	30	37	3.46	3.9849999999999999	4.3	4.6284999999999998	4.7984999999999998	4.8310000000000004	ZrBSBC12.5	4	15	20	25	30	37	3.81	4.2908100045080104	4.4409999999999998	4.5502242598187301	4.7519999999999998	4.8040000000000003	Zr-FeBSBC(1:20)	4	15	20	25	30	37	3.98	4.6630000000000003	4.7522500000000001	4.96	5.1100000000000003	5.26	Zr-FeCl3BSBC(1:5)	4	15	20	25	30	37	4.1110894446162005	4.4635894446162006	4.5785894446162008	4.6908394446162003	4.8028394446162004	4.8593394446162002	FeBSBC	4	15	20	25	30	37	4.0103614917966741	4.1242528925502899	4.5015862720720561	4.5450820363276696	4.5993394446162004	4.6098321305277565	FeCl3-BSBC	4	15	20	25	30	37	3.680126658137183	3.9671802009982327	4.1028836772616772	4.2964038292990043	4.4735894446162003	4.5606195321025602	
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