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Figure S1. Performance of ZC0 in different pH (a), the effect of contact time. (b), 
Pseudo-first adsorption model (c), Pseudo-second adsorption model (d), 
Langmuir (e), Freundlich (f). 
 
  



 
Table S1. Kinetic parameters for the adsorption of Congo Red on ZC0. 

C0 

（mg/L） 

qe,exp 

（mg/g） 

Pseudo-first-order 

K1 qe R2 
  

Pseudo-second-order 

K2 qe R2 
 

50 

100 

150 

200 

484.91 

783.55 

995.11 

1201.23 

0.02215 

0.01758 

0.01747 

0.01349 

294.60 

350.72 

727.78 

871.31 

0.644 

0.621 

0.657 

0.249 

1.64×10-4 

2.76×10-4 

3.47×10-4 

3.71×10-4 

507.61 

800.00 

1003.86 

1207.77 

0.9985 

0.9995 

0.9998 

0.9997 

 
Table S2. Isothermal adsorption model of CR molecules on ZC0. 

T(℃) Langmuir isotherm Freundlich isotherm 

 qm b R2 Kf 1/n R2 

25 1289.49 0.0872 0.9631 345.84 0.2748 0.9928 

 

 
 

Figure S2. Dispersion of zeta potential in a neutral aqueous environment for CeO2, 
ZC3 nanoparticles, and CR. 

 
 
  

-10

-5

0

5

10

15

20

25

30

CRZC3CeO2

Ze
ta

 P
ot

en
tin

al
 (m

V
)



 
Table S3. Comparison of adsorption performance in this study with previous Congo 
red dye adsorbent in literature works. 

Adsorbents Dye Qm (mg/g) References 

Imperata cylindrica CR 1666.70 [1] 

CoFe-MOF CR 1649.3 [2] 

CeO2 nanotube CR 362.32 [3] 

Porous rod-like MgO CR 3236 [4] 

Composite aerogels CR 1567 [5] 

Sodium alginate aerogel CR 3568 [6] 

NiO hollow microspheres CR 526.3 [7] 

Nitrogen-doped biochar CR 1360 [8] 

CuO–ZnO/SiO2 fibrous 
membranes 

CR 141.8 [9] 

Hierarchically porous 
carbon 

CR 2519.2 [10] 

ZC0 CR 1289.49 This work 

ZC3 CR 3642.05 This work 
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