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Material and methods
Apparatus and settings

A PHILIPS PW 1730/10 X-Ray powder diffractometer was used to confirm particles
mineralogy and purity. Dried samples (overnight in the oven at 40°C) were deposited onto
a silicon sample holder and a diffraction pattern was collected using a Cu Ka radiation
source with a wavelength of 1.54 A. Data were collected for 2-theta between 5-70° at a
scan rate of 0.08 °/minute; a step size of 0.01°, and working at 40 kV and 30 mA. These
settings lead to long scans (~14 h) which insured that the presence of even small quantities
of other phases could be identified. Scans of the experimental materials were compared
with standard traces from the d JCDD database.

Surface area measurements of the ferrihydrite were performed following the stand-
ard protocol of Micrometrics Gemini V — based on Brunauer, Emmett, and Teller (BET)
theory. Micromeritics Gemini V Series analyser was used to measure ferrihydrite surface
area using He gas. A known amount of freeze-dried ferrihydrite was degassed under N2
with a VacPrep degasser for 12 hours and the surface area was determined at a fixed gas
(He) evacuation rate of 100 mmHg min™!, an optimum pressure of 765 mmHg, and an
equilibration time of 5 sec.

Potentiometric itrations were conducted in 250 mL beakers on a magnetic stirrer
plate (600 rpm). Before each titration, the pH electrode was manually calibrated using a
VWR certified pH standard solution. The working temperature was room temperature
(21 £0.5 °C). A standard titration protocol involved equilibrating an ferrihydrite suspen-
sion in 100 mL of electrolyte background solution (NaCl, 0.1 mol L), then titrating both
from high to low pH and from low to high pH with either HCl or NaOH (0.1 mol L) to
establish hysteresis plots.

The ferrihydrite aggregate size in solution was measured in a static regime with a
Dynamic Light Scattering device (Zetasizer Nano ZS) from Malvern Instruments. Ferri-
hydrite particle size measurements were performed at particles concentrations of 0.001;
0.002; 0.004 and 0.006 g L, in water and at pH 7. The measurements were performed in
1 cm plastic cuvettes at 21 °C using a laser beam with a A= 633 nm at an angle of the
detector of 1732

Adsorption modelling
Kinetic modelling:
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The uptake capacities at equilibrium for the experimental data at varying particles
concentration were calculated by fitting the experimentally derived uptake capacities
from the adsorption experiments where particles concentration was varied, to empirical
pseudo-first and pseudo-second-order models [1-3] shown below:

Pseudo first order model:
Non linear form: % =k, X (qe—qt) (Eq. S1)

Linear form: In(q, — q;) =Inq, — k; X t (Eq. S52)
k, = pseudo first order kinetic rate cof ficient, min™!

Pseudo second order model:
Non linear form: % =k, X (qo — q¢)? (Eq. S3)

Linear form: — = —— + - x t Eq. S4
q

ac K2xqe?  qe

k, = pseudo second order kinetic rate cof ficient, g mmol™*min™1

Where k is the rate constant of adsorption, (min! for the PFO and g mmol-' min-! for
PSO); ge is the amount of metal adsorbed at equilibrium, (mmol g') and qt is the amount
of metal adsorbed per g ferrihydrite, (mmol g™) at any time, t, in min.

The PFO kinetic model implies mainly a physical adsorption mechanism based on
weak interactions (e.g., hydrogen bonding or Van der Walls forces) and the metal sorption
rate is proportional to the number of vacant sites at bio-sorbent surface. The PSO kinetic
model will indicate the chemical sorption mechanism assuming strong covalent bonding
and that the rate of metal sorption is proportional to the square of the number of vacant
sites at sorbent surface.

Results

Kinetic modelling

Table S1. Summary of the kinetic modelling parameters.

Parameters and

System statistics PFO model PSO model
ge=0.97 £0.003 mmol g~* qe=0.98 £0.001 mmol g~*
V Cb01e [ ki =0.30 £ 0.022 min~? k2=1.67 +0.08 g mmol™! min™?
P8 Red. X2 0.0001 5.61 - 10°
Adj. R? 0.9990 0.9999
ge=0.974 +0.0019 mmol g~* ge =0.973 +0.0049 mmol g~*
V Colel ki =0.636 +0.32 min! k2 =5.065 + 3.24 g mmol™* min~?!
P8 Red. X2 2.53 x 105 1.23 x 104
Adj. R? 0.9997 0.998
ge =0.98 £ 0.00007 mmol g~* ge=0.981 +0.001 mmol g~*
ki =0.715 + 0.0276 min™? k2=9.294 +4.3 g mmol™* min~?!
Vi Cp2g L Red. X2 3.74 x 10 1.97 x 105
Adj. R? 1 0.9999
qe=0.425+0.039 mmol g~* ge =0.468 +0.035 mmol g~*

-1
Mo, Cp 0.1 5L ki = 0.047 + 0.018 min~? k:=0.134 +0.057 g mmol~! min~?
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Red. X2 0.00596 0.0029
Adj. R? 0.768 0.883
e = 0.0994 + 0.00002 mmol g~* e = 0.0995 + 0.00001 mmol g~*
ki =0.52021 + 0.014 min~?! k2=21.12 + 10.66 g mmol™! min™?
Red. X2 4.90 x 100 3.65 x 10
Adj. R? 1 0.997
ge = 0.053 + 0.00002 mmol g~* ge = 0.05336 + 0.00001 mmol g~*
k1=0.668 +0.092 min~! k2=37.60 + 0.8494 g mmol~! min™!
Red. X2 3.14 x 10 141 x10°
Adj. R? 0.9999 0.959

Mo, Cp1gL™

Mo, Cp2gL™

Adsorption isotherms modelling

Fitting the molybdenum and vanadium adsorption experimental data at varying an-
ions concentration with the Langmuir and Freundlich Isotherm Models, a better regres-
sion factor by Langmuir isotherm was calculated. According to the Langmuir model hy-
pothesis and assumptions, empirically it can be suggested that the adsorption of both mo-
lybdenum and vanadium takes place preponderantly as a monolayer; all adsorption sites
being energetically equal homogenously spread over the substrate surface.

Table S2. Summary of the adsorption isotherms modelling parameters.

Langmuir isotherm Freundlich isotherm
Mo )\ Mo )\
gmax = 0.431+0.047 gmax =1.28+0.29 Ke=0.676 + 0.150 mmol g K¢=1.904 + 0.5106
Parameters mmol g mmol g n =036+ 0.039 mmol g
b =936 b =14.69 n=0.51+0.046
Adj. R2=0.949 Adj. R2=0.920 Adj. R2=0.828 Adj. R?=0.785

Red. X2=18.44 Red. X2=30.07 Red. X2=62.73 Red. X2=76.82

Statistics

Maximum loading capacities or maximum uptake capacities given by a Langmuir
isotherm allow the comparison with different sorbents to remove and control the availa-
bility of molybdenum and vanadium. It is important to note that such comparisons are
valid only if specified process conditions are similar. A brief comparison with the litera-
ture data is offered in the discussion section below.

Literature comparison of the adsorption results

Table S3. Molybdenum and vanadium adsorption studies — literature comparative view.

System Conditions .Result.s . Reference

(sorption efficiency)

C Mo =50 pmol LY; Ceny=1g L';  pH below 6.5: 95-100%; pH 7: 68 %;
Mo adsorption pH 3-8 pH 8 ~15 %; and pH 9 ~ 1.5%
onto FHY C Mo =100 pmol L-1; Cruy = 0.1g L1 ; pH below 6: 90-100%; pH 7 ~ 60 %; pH
pH 4-9; 15=0.01 8 ~20 % and pH 9 ~ 3%
Cv=200 pmol L'V, Ceny =2g-L1,
V adsorption onto pH 8, IS= 0.7(seawater)

FHY Cv=100 pmol L%; Cruy=0.1g L ;

pH =7;15=0.01

[4]
This study
>80 % [5]

>90 %, This study
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Table S4. Literature comparison of anions adsorption onto iron oxides.

Anion Iron oxides - adsorbent q q Meferonces
and conditions (mmol/gFe) (mmol/m2)
FHY — slurry; SA=200me-gt; pH 7; Ci = 1-750 00 mmol g Fe
v g mol L*gL PR (from 1.28 mmol g 0.0049* This study
" ' IFHY)
. 0.986 mmol g'Fe
FHY - slurrv: SA=200m2-o-1 - pH 7: Ci =1- 7
Mo slurry; S E)I(l)n;lLé_;l' ;pH7; Ci 50 (from 043 mmol & 0,002 This study
HmeTE IFHY)
P Biogenic oxides; pH 6.4; Ci =100 pmol L; 1.77 na. (6]
i M = 2.0-1- . :
As Goethite coated sand; SA=178m?-g1; pH 7; Ci 0134 D 10ss ”
=67 umol L™
hite; SA=20m2¢ L, pH7; Ci=1 .
As Goethite; SA=20m?g"; pH 7, C1=100 uM; 0.0760 0.0024 [8]
Cp=0.9g-L1
FHY slurry; SA=200-320m?2-g1;
d pH 7.18; Ci=200 pmol L1 0.182 0.0039 [4]
FHY slurry; SA=200-320m?-g;
. . I
W pH 7.29; Ci=50 pumol L1 0.086 0.0019 [4]
M = - 2.0-1-
Mo FHY slurry; SA=200-320m?2-g1; 0.062 00021t "

pH 7.09; Ci=50 pmol L-!

*conversion to mmolg~' Fe was made taking into account that 1 g ferrihydrite contains 600 mg of Fe (measured value);.

§ for comparison a synthesized goethite coated sand with SA =178 m?g™ and 6.83 10> mol Fe g™! material was used.
tAn averaged surface area of 260 m>gand iron content per g ferrihydrite of 558 mg Fe g ferrihydrite was used.
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