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Table S2. Elemental analysis of MCc and MCa-ATA sorbents.

C N H ©) Fe S
MCc % 28.15 4.92 3.99 32.18 30.76 0
mmol | 23.44 3.51 39.58 20.11 5.51 0
MCa-ATA | % 26.44 6.48 4.1 33.03 27.1 2.85
mmol | 22.02 4.63 40.68 20.65 4.853 0.89

Table S3. Chemical composition of the ferruginous sandstone ore material.

Major Oxides ~ Conc., (%) Trace Elements Conc. (ppm)
SiO2 40.0 U 2600
TiO2 0.33 Ni 138

AlLOs 3.40 Pb 900
Fe20s 26.0 B 200
CaO 1.20 Cu 165
MgO 3.20 \ 150
MnO 1.80 Zr 180
Na20 0.90 Th 60
K20 0.70
P20s 3.60
RE20s 12.6
L.O.I* 4.06
Total 97.79

L.O.I*: loss of ignition.

Table S4. Chemical composition of the the ore leachates and the produced effluents after extraction

treatments.

Ore leachate After loading/ pH control and PPT
Metal ion Conc. mg g! Conc. mg g! removing %
Si(IV) 128 92.26 27.921875
AI(III) 8170 98.7 98.7919217
Fe(I1I) 20800 60.54 99.7089423
Ca(Il) 1170 499.3 57.3247863
Mn(II) 980 504.8 48.4897959
Ni(II) 60.8 36.59 39.8190789
Cu(Il) 31.5 10.1 67.9365079
REE(III) 8700 48.95 99.4373563
U(VI) 200 18.1 90.95
Pb(II) 80.31 38.97 51.4755323
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Table S5a. Reminder on equations used for modeling uptake kinetics [94-96].

Model | Equation Parameters Ref.
Jeq1 (mmol g'): sorption capac-
- ity at equilibrium
PFORE £) = Goga(1 — e7hrt . 9
© 9(8) = Geqa( ) k1 (min!): apparent rate constant 56l
of PFORE
Qeq2 (mmol g?): sorption capac-
2 k t . t .I.b .
PSORE q(t) = deq,2K2 ity at equili r1um. [96]
1+ kyqeq ot k2 (g mmol! min'): apparent
rate constant of PSORE
© 6a(a + 1)exp (qu’% t)
a _ Z 72
RIDE Qeq T 9+ 9a + qia? Pe (m2 fr?lr.rl) : Effective diffusiv- [94]
With gnbeing the non-zero roots of 1ty coetticient
t =3 g me__1
anqn_3+aq,2lan Ve, 1l+a
(m (g): mass of sorbent; V (L): volume of solution; Co (mmol L): initial concentration of the solu-
tion).
Table S5b. Reminder on equations used for modeling sorption isotherms [95,97,98].
Model Equation Parameters Ref.
G Ceq gmL (mmol g): Sorption capacity at saturation
Langmuir Qeq = H—T of monolayer [95]
Lea br (L mmol?): Affinity coefficient
Freundlich Qeq = krC, 814"’: kr and nr: empirical parameters of Freundlich equation [95]
Sivs _ Qm,sbsC;{nS gmtL, bs and ns: empirical parameters of Sips equation (based [95]
p Qeq = 1+ bsCelé ns on Langmuir and Freundlich equations)
RT br:] kg mol? Temkin isotherm constant
i = —In(A4,C 98
Temkin Qea =7 n(ArCeq) Ar: L mol*, Temkin isotherm equilibrium constant 8]

Akaike Information Criterion, AIC [99]:

Z?I:O(yi,exp. - yi,model)2 ZNP(NP + 1)
m +2N,)+—N_Np_1

where N is the number of experimental points, Ny the number of model parameters, yiexp.
and yimodel the experimental and calculated values of the tested variable.

AIC=Nln<
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Figure S1. TGA and Dr-TGA of MCc (a) and MCa-ATA (b).
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Figure S2. Tautomerization of the functionalized sorbent at a mild pH conditions.



Catalysts 2022, 12, 330

5 of 7

7 :
AMCCHIL
AMCcH#2L
6 4 AaMCcUv &
AMCCcH2UV RO
# MCa-ATA#1L:20°C RN )
- 5 4 ®MCa-ATA#2L:20°C t
= ©MCa-ATA#1UV:20°C
= ©MCa-ATA#2UV:20:C o
4 4 $MCa-ATA#1L:50°C &
®MCa-ATA#2L:50°C o
OMCa-ATA#1UV:50°C
3 4  OMCa-ATA#2UV:50°C ...'
2 “
1 R
0 4= . . . . . .
0 1 2 3 4 5 6

pH,

Figure S3. pH variation of MCc and MCa-ATA at 20 and 50 °C under light and UV effect.
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Figure S4. The data collected from plotting of the logioD and the equilibrium pH.
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Figure S5. Sorption kinetics of MCc and MCa-ATA for the PSORE at light and UV effect.
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Figure S6. Sorption Isotherms (Langmuir and Freundlich) models of the MCc sorbent at light and
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Figure S7. Sorption Isotherms (Freundlich) model of the MCa-ATA sorbent at light and UV.
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Figure S8. Geological map of the studied area.
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Figure S9. Removal efficiency % of metal ions in the ore effluent after treatment with MCa-ATA

under light and UV conditions.



