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Figure S1 a) the SEM morphology of matrix PS and the corresponding element composition; b)
TEM image of matrix PS; c¢) the pore distributions of pristine PS, hybrid ZrO,-PS and Zr/Mg oxide-

PS; d) zeta potential analysis of pristine PS, hybrid ZrO,-PS and Zr/Mg oxide-PS.



Figure S2 HR-TEM image of ZrO,-PS
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Figure S3 HRTEM image of the Zr/Mg oxide



Figure S4 The XRD pattern of the prepared Zr/Mg oxide-PS
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Figure S5 ZrO, / Mg(OH), ratios effects on Cu adsorption at different solution environment a)
neutral condition (adsorbent: 0.5g/L, initial Cu 40 mg/L for 10 h sorption equilibrium reaction,
pH =5.2-5.5); b) acidic condition (adsorbent: 0.5g/L, initial Cu 40 mg/L for 10 h sorption

equilibrium reaction, pH =3.2-3.6, Ca(I)=200 mg/L).
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Note: the point of pure Mg(OH), with alkaline pH (pH = 8.5-9.2) due to the strong hydrolysis



Table S1 The effects of common cations on the distribution coefficient Kd of Cu(II) uptake onto

the three sorbents

Competing Materials Kqa(mL/g) at different initial competing anions M/Cu(II)(mol/mol)
cations(M) 0 8 16 32 64

Ca(Il) Zr/Mg oxide-PS  3,55x10° 8139 6473 5488 4858
Zr0,-PS 2.48x10° 251 271 254 325
D001 5.83 x106 568 123 80.5 70.1
Mg(II) Zr/Mg oxide-PS  3,55x105 9490 3952 1864 1381
Zr0,-PS 2.48x103 917 755 306 325
D001 5.83 x106 1553 841 59.2 6.61

Zr/Mgoxide-PS  3.55x105  2.46x105 2.25x105  1.85x105  2.71x10%
~a® Zr0,-PS 2.48x105  2.94x105 47600 42962 8333
D001 5.83x10° 5.83x10° 1.22x105 30000 8412




Table S2 The Parameters of kinetics model for the adsorption of Cu(II) on the host D001 and the

hybrid Zr/Mg oxide-PS materials

Materials Pseudo-first-order model Pseudo-second-order model Intraparticle-diffusion model
Qecal(mg/ g) k (/ mln) R? Qecal(mg/ g) kX10_4(mg/ mln) R? kp (mg/ (g minl/Z)) R?
D001 58.7 0.0163 0.996 75.4 2.05 0.985 5.44 0.995
Zr/Mg 74.5 0.0136 0.994 98.8 1.19 0.988 7.01 0.991
oxide-PS

Table S3. Parameters of isotherm model for the adsorption of Cu(Il) on the hybrid Zr/Mg oxide-PS

at different temperatures at acidic conditions (pH=3.2-3.8).

Temperature Langmuir model Freudlich model
K) Quea(mg/e) Ky (Lm/mol) R Ke 1/n R
288 88.5 4.83 0.856 57.6 0.155 0.948
308 78.1 4.54 0.818 48.5 0.142 0.994
328 77.3 2.75 0.781 44.9 1.24 0.991




Table S4. Sorbent comparison in reported literature for Cu(Il) adsorption

Adsorbents Adsorption Optimal pH  Reference
capacity(mg/g)

y-alumina nanoparticles 31.30 5.0 2l
imprinting adsorbent 33.33 5.0 s2
xanthate-modified magnetic chitosan 34.5 -- =
Nanostructured titanium(IV) oxide 52.6 5.0 s4
EGDE-CS-NZVI beads 67.2 6.62 =
Graphene oxide—CdS 137.17 6.0 s6
CS/PAA-MCM 174.0 5.5 =
Conjugate nanomaterials 183.81 5.5 s8
EDTA-mGO 301.2 5.1 =
Zr/Mg oxide-PS 88.5 3.5-5.5 This study

sl. Fouladgar, M.; Beheshti, M.; Sabzyan, H., Single and binary adsorption of nickel and copper from aqueous
solutions by y-alumina nanoparticles: Equilibrium and kinetic modeling. Journal of Molecular Liquids 2015, 211, 1060-
1073.

s2. Peng, W.; Xie, Z.; Cheng, G.; Shi, L.; Zhang, Y., Amino-functionalized adsorbent prepared by means of Cu(Il)
imprinted method and its selective removal of copper from aqueous solutions. J Hazard Mater 2015, 294, 9-16.

s3. Zhu, Y.; Hu, J.; Wang, J., Competitive adsorption of Pb(Il), Cu(II) and Zn(II) onto xanthate-modified magnetic
chitosan. J Hazard Mater 2012, 221-222,155-61.

s4. Debnath, S.; Ghosh, U. C., Equilibrium modeling of single and binary adsorption of Cd(II) and Cu(II) onto
agglomerated nano structured titanium(I'V) oxide. Desalination 2011, 273, (2-3), 330-342.

s5. Liu, T.; Yang, X.; Wang, Z. L.; Yan, X., Enhanced chitosan beads-supported Fe(0)-nanoparticles for removal of
heavy metals from electroplating wastewater in permeable reactive barriers. Water Res 2013, 47, (17), 6691-700.

s6. Jiang, T.; Liu, W.; Mao, Y.; Zhang, L.; Cheng, J.; Gong, M.; Zhao, H.; Dai, L.; Zhang, S.; Zhao, Q., Adsorption
behavior of copper ions from aqueous solution onto graphene oxide—CdS composite. Chemical Engineering Journal
2015, 259, 603-610.

s7. Yan, H.; Yang, L.; Yang, Z.; Yang, H.; Li, A.; Cheng, R., Preparation of chitosan/poly(acrylic acid) magnetic

composite microspheres and applications in the removal of copper(Il) ions from aqueous solutions. J Hazard Mater



2012, 229-230, 371-80.

s8. Awual, M. R., New type mesoporous conjugate material for selective optical copper(Il) ions monitoring &
removal from polluted waters. Chemical Engineering Journal 2017, 307, 85-94.

s9. Cui, L.; Wang, Y.; Gao, L.; Hu, L.; Yan, L.; Wei, Q.; Du, B., EDTA functionalized magnetic graphene oxide for
removal of Pb(II), Hg(II) and Cu(Il) in water treatment: Adsorption mechanism and separation property. Chemical

Engineering Journal 2015, 281, 1-10.



