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Figure S1. The Scanning electron microscope image of raw zeolite.
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Figure S2. Effect of time on efficiency of metal ions sorption on mineral-organic sorbent in (a) Zn(II); (b) Zn(II)-Sr(II)-
Cu(Il); (c) Zn(II)-Ni(II)-Cu(II) and (d) Zn(II)-Sr(II)-Cu(Il)-Ba(Il) systems.
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Figure S3. Effect of time on on efficiency of metal ions sorption on raw zeolite in (a) Zn(II); (b) Zn(II)-Sr(II)-Cu(II); (c)
Zn(I1)-Ni(II)-Cu(II) and (d) Zn(II)-Sr(II)-Cu(I)-Ba(II) systems.
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Figure S4. Kinetic curves describing metal ions sorption on mineral-organic sorbent in Zn(II)-Sr(II)-Cu(Il) system.
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Figure S5. Kinetic curves describing metal ions sorption on mineral-organic sorbent in the Zn(II)-Ni(II)-Cu(II) system.
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Figure S6. Kinetic curves describing metal ions sorption on mineral-organic sorbent in the Zn(II)-Cu(II)-Sr(II)-Ba(II)
system.
Table S1. Kinetic parameters determined from the four applied models.
Zn(I1)-Cu(I1)-Sr(IT) Zi(I1)-Ni(IT)-Cu(II)) Zn(I1)-Cu(II)-Sr(IT)-Ba(11)
Model Metal Cu Sr Ni Cu Cu Sr
Jexp, ME/G 0.3 0.04 0.2 0.04 0.05 0.37
ecal, ME/G 0.3 0.04 0.2 0.04 0.05 0.35
PFO k1, min 0.11 0.06 0.01 0.03 0.03 0.05
R? 0.98 0.94 0.95 0.92 0.73 0.96
Go iy Mg/ 03 0.05 0.3 0.05 0.05 0.37
PSO k2, g/mg-min 0.6 2.8 0.7 4.7 0.9 04
R2 0.99 0.95 0.94 0.96 0.80 0.97
a, mg/g-min 3.5 0.04 0.008 0.004 0.02 3.9
EM B, g/min 39 155 14.5 109 104 27
R2 0.99 0.92 0.92 0.95 0.85 0.97
Kaigr 0.02 0.003 0.01 0.002 0.003 0.02
IPM Ci 0.1 0.2 -0.007. 0.003 0.004 0.1
R? 0.63 0.7 0.9 0.9 0.75 0.65

PFO—pseudo-first-order models, PSO—pseudo-second-order model, EM—Elovich model, IMP —is Weber and Morris
intraparticle diffusion model; gexy and geca are the quantities of metal (mg/g) sorbed from the solution at equilibrium and
at t (min) time, respectively, and ki (1/min) is the pseudo-first-order rate constant, R? is coefficient of determination, k2
(g/mg-min) is the second-order rate constant, a (g/mg-min) and § (g/mg) are the Elovich equation constants, kifis a rate
parameter (mg/g-min'?2), and Ci is the intercept, which relates to the thickness of the boundary layer.

According to coefficient of determination values, in Zn(II) system sorption of Zn(II)
adjusts, preferably PFO and PSO models. In Zn(II)-Sr(II)-Cu(II) system sorption of Zn(II)
and Cu(Il) was better described by PSO and EM, while of Sr(II) by PSO. In Zn(II)-Ni(II)-
Cu(II) system high coefficients of determination calculated for PSO and EM point at their
relevance to describe the data for Zn(II) and Cu(Il). The PFO better fits the data for Ni(II),
indicating physical sorption. In Zn(II)-Cu(II)-Sr(II)-Ba(Il) system the values of coefficient
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of determination of PSO and EM for Zn(Il), Cu(Il) and Sr(II) were very close indicating
their applicability for the description of experimental data. None of the models was
applicable for the theoretical description of experimentally obtained clues for Ba(II).

Table S2. The parameters of the applied sorption isotherm models.

System

Model Parameters Zn()  Zn(D-Cu(D-Sr() Zn(ID)-Ni(I)-Cu(Il) Z“(ID'CB:((E))'Sr(ID'
Kr, mg/g 0.4 0.8 04 0.3
Freundlich 1/n 0.52 0.3 0.4 0.4
R2 0.99 0.88 0.98 0.98
ar, L/g 0.2 0.8 03 03
Temkin B, kJ/mol 1.7 3.5 2.8 3.1
R? 0.98 091 0.98 0.99

Kr and 7 are Freundlich equation constants, B manifests the sorption potential of the sorbent, ar is Temkin constant, R? is
coefficient of determination.
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Figure S7. Plot of InK4 versus 1/T.

Table S3. Thermodynamic parameters for metal sorption on mineral-organic sorbent.

AG®, kJ/mol
o o . 2
System Metal 203K 303K 313K 33K AH®, kJ/mol AS°, J/mol-K R

Cu 106 -111 -11.6 -121 37 49 0.99

Zn(I)-Cu(I1)-Sr(IT
n(ID-Cu(n-Sr(l) St -106 -112 -117 -123 5.9 56 0.7
. Ni 97 -104 -111 -119 11 72 0.76
Zn(ID-Ni(IT)-Cu(ll) Cu -109 -113 -11.7 -121 0.03 33 0.96
Cu -107 -111 -115 -118 -13 36.6 1.0
Zn(I)-Cu(IT)-Sr(IT)-Ba(Il) St -73  -87 -100 -113 31 132 0.80
Ba 88 -90 -93 -95 -17 24 0.88




