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Table S1: Central composite design for the adsorption of Pb?* using ACH-L-Cyst and AC-

KMIIO4
N° pH Time Concentration Mass (mg)
(min) (mg/L)

I. 8 5 20 100
2. 5 122.5 210 60
3. 5 122.5 210 60
4. 2 240 400 100
5. 5 240 210 60
6. 5 5 210 60
7. 8 240 400 100
8. 2 240 20 20
9. 5 122.5 210 20
10. 5 122.5 20 60
11. 2 122.5 210 60
12. 5 122.5 210 60
13. 2 5 20 100
14. 2 240 20 100
15. 8 240 400 20
16. 8 5 400 100
17. 2 240 400 20
18. 5 122.5 210 100
19. 5 122.5 210 60
20. 8 5 400 20
21. 8 122.5 210 60
22. 8 240 20 20
23. 2 5 400 20
24. 8 5 20 20
25. 2 5 400 100
26. 8 240 20 100
217. 5 122.5 400 60
28. 2 5 20 20




Table S2: Mathematical kinetics models

Kinetic models Non-linear forms References
Pseudo-first order O =0,(0-e*") [1]
2
Pseudo-second order - K0t andh= KoQ:2
(1+K,0.1) [1]
Intraparticle diffusion L 21, [3]
Qt = Kintt > + C
Elovich 4
ovie 0, = Lin(i+ apr) 4]
B
Table S3: Mathematical isotherm models
Parameters Isotherms Non-linear forms References
Two Langmuir _0,K,C,
“1+K,C, [1], [5]
Freundlich 0, = Kfci/" [1], 5]
Jovanovic 0, =0,(1-e %) [4]
Temki 4
emkin Qezﬂln(ACe) [4]
AQ
Dubinin-Radushkevich O =0 exp(-ps?) [5]
Langmuir-Freundlich 0 0,,-(K,.C, )M [4]
Three “ T 14(K,.C )M
Redlich-peterson 0 - K,,C, [6]
© 1+ A4,C¢
Langmuir separation factor: g = !
1+K,C,
Table S4: Error functions and their equations
Error function Abbreviation formula References
Residual Root Mean RMSE 1 & , [7]
Square Error n— Z (Qe,exp - Qe,cal)
i=1
Chi-square test 12 i (o 0,on) [7]
i=1 Qe,cal
Sum S fE SCE 3 7
um Square of Errors Z O —0..) 2 [7]
i=1
Average Relative Error ARE 100 i O.icat = Qeoxy [7]
N i=1 Qe,i,exp
coefficient of R? [7]

determination

Z (Qe,cal - Qm exp )2

Z (Qe,cal - Qm exp )2 + (Qe,cal - Qm exp )2




Table S5: Model fit and summary statistics for ACH-L-Cyst

Source  Std. Dev. R?  Adjusted R> Predicted R> PRESS

Linear 1726 0.2111 0.0739 -0.1301 9810.94

2F1 16.45 0.4702 0.1585 0.1614 7280.48
Quadratic 4.36 0.9716 0.9410 0.7718 1981.21 Suggested
Cubic 2.09 0.9975 0.9864 0.6917 2676.86 Aliased

Table S6: Model fit and summary statistics for AC-KMnO,

Source  Std. Dev. R? Adjusted R? Predicted R* PRESS

Linear 9.17 0.3319 0.2157 -0.1129 3221.83

2F1 5.70 0.8090 0.6966 0.6032 1148.71
Quadratic 1.85 0.9847 0.9682 0.8905 316.86 Suggested
Cubic 1.54 0.9959 0.9779 0.1469 2469.59 Aliased

Table S7: Residual from adsorption of Pb?" ions using the central composite design

Run pH Time Concentration Mass Residual Residual
Order (min) (mg/L) (mg) ACH-L- AC-
Cyst KMnQ,
1 +1 -1 -1 +1 3.60 1.88
2 0 0 0 0 -3.18 -0.72
3 0 0 0 0 0.38 -0.68
4 -1 +1 +1 +1 -0.57 -0.23
5 +1 0 0 1.64 0.21
6 0 -1 0 0 -0.57 0.78
7 +1 +1 +1 +1 5.70 -0.68
8 -1 +1 -1 -1 1.44 -0.42
9 0 0 0 -1 0.30 -0.97
10 0 0 -1 0 -1.28 0.84
11 -1 0 0 0 0.23 -0.83
12 0 0 0 0 0.56 -0.99
13 -1 -1 -1 +1 3.00 -3.11
14 -1 +1 -1 +1 0.80 1.86
15 +1  +1 +1 -1 -4.53 1.62
16 +1 -1 +1 +1 -2.97 -1.07
17 -1 +1 +1 -1 -2.33 -0.63
18 0 0 0 +1 0.78 1.96
19 0 0 0 0 -0.99 -0.6
20 +1 -1 +1 -1 0.47 -0.61
21 +1 0 0 0 0.85 1.82
22 +1 +1 -1 -1 4.73 0.07
23 -1 -1 +1 -1 5.34 0.28
24 +1 -1 -1 -1 -0.97 -1.26
25 -1 -1 +1 +1 -3.46 1.17
26 +1 +1 -1 +1 -6.88 -1.78
27 0 0 +1 0 2.35 0.15
28 -1 -1 -1 -1 -4.44 1.93

Table S8: Optimal conditions for adsorption, as well as the predicted and experimental values

Conditions

% Pb2* removal

Response

ACH-L-Cyst
AC-KMnO,

pH

5
5

Time Concentration Mass

(min)
122.5
122.5

(mg/L)
210
210

(mg)
60
60

Predicted Experimental

value
78.82
98.10

value
77.20
97.22

Error
percentage
1.62
0.88

3



Table S9: Percentages of Pb?" ion removal by the two adsorbents

ACH-L-Cyst AC-KMnOy,
Nbr of Cycle Adsorption rate / %
1 77.00206 97.47369
2 74.26487 95.9656
3 71.84361 83.78402
4 67.22775 77.69731
5 67.07417 67.78589
6 59.39954 66.97124
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Figure S1 : Normal probability plot for the % Removal of Pb>* adsorbed
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Figure S2 : Normal % probability of residuals (a & c) and externally studentized residuals vs
run number for Pb*" ions removal (b & d).

% Removal
% Removal

C: concentration (mg/L)

%Removal
% Removal

Figure S3 : 3D response surface plots of the CCD showing the effect of pH, concentration
(mg/L) and mass (mg) on the adsorption of Pb?" ion (%Removal) using ACH-L-Cyst (a-1 ; a-
2) and AC-KMnOy (b-1 ; b-2)
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Figure S4 : 2D response surface plots of the CCD showing the effect of pH, time (min),
concentration (mg/L) and mass (mg) on the adsorption of the Pb?* (%Removal) using ACH-L-
Cyst
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Figure S5: 2D response surface plots of the CCD showing the effect of pH, time (min),
concentration (mg/L) and mass (mg) on the adsorption of the Pb?" (%Removal) using AC-
KMnO4
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Figure S6 : Impact of concentration on the removal of Pb?" ions by ACH-L-Cyst (a), and AC-

KMHO4 (b)
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