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Supplementary Information

The 3D spongin scaffold samples used in this paper were cleaned by mechanically
pressing the samples under distilled water and leaving the samples under magnetic
agitation in 2 L of distilled water for 24h (2 times), as described in the Materials and
Methods section of the manuscript. To elucidate the chemical composition of the MS
samples before and after the cleaning protocol we performed EDS on the as-received
(Figure SI-1A) and cleaned (Figure S1-1B) spongin scaffold. One can see that the received
materials have some impurities, mainly observed by the presence of Ca, F, Cl, Na, K, S
and Mn, most probably as inorganic compounds. The EDS spectra and mapping of the
cleaned MS samples showed a dramatically reduced intensity of Ca and S peaks and the

almost total removal of F, CI, Na, K and Mn.
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26  Figure SI-1. EDS analysis of the A) as-received and B) cleaned MS samples used in this
27 study.
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Table SI-1. Elemental analysis of the bottled water matrix (Fastio®) used in the study

Bottled water (Fastio®)
Initial pH =5.9
Major elements Minor elements
(mg L) (ug L™

Ca 1.3 B 20
Na 4.1 Al 50
K 0.6 Cr 1.3
Mg 0.7 Fe 61
P 0.4 Co <1
Si 0.8 Ni <1
Cl 4.2 Cu 3.1
Zn 20

As <2

Se <1

Sr 6.3

Cd <0.1

Sb <0.1

Ba 3.1

Pb <0.1

Table SI.2 is a collection of the mathematical equation used in the kinetic modelling of
the sorption data. g: is the amount of metal sorbed per gram of at time t (umol g!), ge
amount of metal adsorbed per gram of materials at equilibrium (umol g '), ks rate constant
of pseudo-first order (h™!), k. rate constant of pseudo-second order (g pmol~! h™!), o initial

sorption rate (umol g ' h™!), # desorption constant (g pmol ™).

Table SI-2. Sorption reaction kinetic models

Kinetic model Equation References
Pseudo-first-order g =0, (1-e™) [1]
(Lagergren)

Adsorption capacity _q 2k, t [2]
Pseudo-second-order (Ho) Y14kt
Elovich 1 [3]

g =Eln(1+a,8t)




56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

We also applied two extensively known diffusion-based models, Boyd’s film-diffusion
[4] and Webber’s pore-diffusion [5], to study the sorption mechanism and which rate-
controlling step is drives the sorption process.

In the film-diffusion model presented by Boyd, the main opposition to diffusion is in the

boundary layer surrounding the adsorbent particle[6,7], expressed as:

1——2[ )exp(—nth) )

T ha
where F is the fractional attainment of equilibrium, at different times, t, and Bt is a

function of F:

O
F= @ (5)
Bt can be calculated as:
For F values >0.85 Bt=-0.4977-In(1-F) (6)
—\?2
For F values < 0.85 Bt ={\/;— ﬂ‘%} ()

If the Boyd’s plot (Bt vs t) excludes the origin, the film diffusion or chemical reaction
must be the rate-controlling step, whereas if the plot is linear and passes through the
origin, it is the intra-particle diffusion that mostly controls the rate of mass transfer.

Weber’s intraparticle-diffusion model is defined by the equation [6,7] :

q =kt ®)
In which ki is the intraparticle-diffusion parameter (mg g* h™/?). If a plot of qt vs t is a
straight line with a slope that equals ki and an intercept equal to zero, the intraparticle-

diffusion must be the rate-limiting step. If not, there must be another mechanism along

with intraparticle diffusion must be considered. To analyse the experimental data under
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the film-diffusion and the intraparticle-diffusion models, and to predict the corresponding
diffusion coefficients, a piecewise linear regression methodology (PLR), proposed by
Malash et al. [6], was performed using a Microsoft® Excel™ worksheet developed by

these authors.

In Table SI-3 one can find the equation that described the several equilibrium models
applied, where, gm is the maximum sorption capacity (mg g™), by is the Langmuir
constant related to the free energy of adsorption (L mg™?), Ce is the concentration of
metal sorbed in the equilibrium pg. L™!, Kgis a constant related to the adsorption
capacity of the sorbent (mg'*™ LY" g1) and n is the adsorption intensity or the
heterogeneity of the sorbent, B (mol? kJ2) is a constant related to the adsorption energy,
b is the variation of adsorption energy (kJ mol™?), Kt is the Temkin equilibrium constant

(L mg™?), and bs is the Sips constant related to the energy of adsorption (L mg™)".

Table SI-3. Sorption reaction kinetic models

Equilibrium model Equation References
Freunlich isotherm g, = K.C/1 [8]
Langmuir isotherm _ 0,b.C. [8]

LR b,C,
Dubinin-Radushkevich (-KeRT ln(HL))Z [9]
de = dm€ Ce

i RT
Temkin Ge = In(K, C.) [8]
SIpS _ qm(bSCe)% [10]

qe - y
1+(bsC, )™
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Figure SI-2. Mechanical test (stress-strain) curves on a sample of MS before and after a

heat-treatment at 180 °C. The plots show an increase in stiffness, corresponding to an

increase in Young’s modulus from 120 kPa to 270 kPa after the heat treatment.

Table SI-4. Kinetic parameters resulting from the application of Weber’s intraparticle-

diffusion model.

Matrix |stag |Breakpoint  [Ki(ugg'h |R?
MQ 1 76 107.2 0.9824
2 |- 3.242 0.8955
bottled |1 77 94.98 0.9508
2 - 2.943 0.9145
sea 1 164 55.76 0.9359
2 - 7.882 0.9124
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