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Fig. S1. EDS mappings of AL-PTAP before adsorption.

1 Characterization

2 Fig. S1 shows the SEM and EDS spectra of AL-PTAP before adsorption of 

3 Cr(VI). It can be seen from Fig. S1 that there is no chromium in AL-PTAP before 

4 adsorption and there is no significant change in the surface morphology of AL-PTAP 

5 before and after adsorption

6
7 Adsorption thermodynamic study

8 Thermodynamic parameters can be used to study the thermodynamic properties of 

9 the adsorption process of Cr(VI) by AL-PTAP and determine whether the adsorption 

10 process is a spontaneous reaction. Thermodynamic parameters such as enthalpy change 

11 (ΔH), entropy change (ΔS) and Gibbs free energy (ΔG) can be calculated from equation 

12 (1). If the calculated ΔG<0 and ΔH>0, it proves that the adsorption process is 

13 endothermic and spontaneous.1 The formula for calculating the thermodynamic 

14 parameters is as follows:

15  (1) ∆𝐺= ∆𝐻 ‒ 𝑇∆𝑆

16                                                   

17 Van't Hoff equation:

18  (2) 𝑙𝑛𝐾𝑐=‒ ∆𝐻 𝑅𝑇+ ∆𝑆 𝑅
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Fig. S2. Thermodynamic model of adsorption of Cr(VI) by 
AL-PTAP.

19                                           

20  (3) 𝐾𝑐= 𝐶𝑎 𝐶𝑒= (𝐶0 ‒ 𝐶𝑒) 𝐶𝑒

21               

22 where Kc (mg/L) is the standard thermodynamic equilibrium constant. T(K) is the 

23 ambient temperature. R (8.314 J mol/K) is the gas constant. Ca is the amount of Cr(VI) 

24 adsorbed on the adsorbent. Ce is the amount of residual Cr(VI) in the solution.

25 The values of ΔG, ΔH and ΔS were calculated from the slope and intercept of the 

26 lnKc versus 1/T curve (Fig. S2, Table S1). The calculated ΔG<0 indicates that the 

27 adsorption process of Cr(VI) by AL-PTAP is spontaneous. The calculated ΔH>0 

28 reflects that the adsorption process is endothermic.
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44 Table S2. Thermodynamic parameters of Cr(VI) removal by AL-PTAP.

Temperature (K) Van't Hoff equation ΔG ΔH ΔS

（KJ/mol） （KJ/mol） （J/mol·K）

293.15 𝑙𝑛𝐾𝑐= 6.0446 ‒ 1636 𝑇 -1.13

303.15 -1.63 13.6017 50.2548
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Fig. S3. Pore size distribution of Al-PTAP.
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47 BET surface area analysis.
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313.15 -2.13
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