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Figure S1

Figure S1.  EDS spectrum (inserted: Map Sum Spectrum) of PPy-PANI/M-SBA-15 

(a), and EDX elemental mapping of PPy-PANI/M-SBA-15 (b-g).
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Table S1.

Kinetic fitting for adsorption of Hg(Ⅱ) onto PPy-PANI/M-SBA-15.

Pseudo-first-order

qe,exp qe,fit k1 R2 x2 SSE RMSE

253.8 231.6 0.1159 0.8580 0.8491 11608 26.9

Pseudo-second-order

qe,exp qe,fit k1 R2 x2 SSE RMSE

253.8 241.5 0.0008 0.9309 0.9266 5650.3 18.8

Intra-particle diffusion

Kd-1 C1 R1
2 Kd-2 C2 R2

2 Kd-3 C3 R3
2

33.68 37.36 0.906 4.95 167.29 0.967 0.20 255.74 1

Elovich

α β R2 x2 SSE RMSE

276.6 0.03236 0.9924 0.9913 625.1 6.445
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Table S2. 

Adsorption isotherm parameters of PPy-PANI/ M-SBA-15.

Langmuir

T (K) Qm (mg/g) RL KL (L/mg) R2 x2 SSE RMSE

298 363.9 0.256 0.0967 0.9697 0.9568 672.4 14.97

308 355.8 0.153 0.1839 0.9838 0.9784 338.7 10.63

318 366.1 0.025 1.3095 0.9898 0.9864 239.1 8.93

Freundlich

T (K) KF (Ln/mgn-1/g) 1/nF R2 x2 SSE RMSE

298 67.5 0.4082 0.9173 0.8897 1171.6 23.92

308 101.4 0.3256 0.9794 0.9725 430.9 11.99

318 214.6 0.1646 0.9334 0.9113 1560 22.8

Temkin

T (K) bT kT R2 x2 SSE RMSE

298 84.6 0.820 0.9574 0.9431 885.1 17.18

308 73.45 2.096 0.9922 0.9896 162.4 7.36

318 48.35 75.163 0.9695 0.9593 715.6 15.44

Dubinin-Radushkevich

T (K) qmax (mg/g) E (KJ/mol) R2 x2 SSE RMSE

298 38.78 121.09 0.9193 0.8925 52.9 3.252

308 35.75 134.07 0.9280 0.9040 46.7 3.055

318 37.55 166.71 0.9603 0.9471 33.6 2.592
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Table S3. 

Comparison of adsorption capacity for mercury (II) ions.

Adsorbents BET (m2/g) pH Fitting model Qm (mg/g) Ref.

CoFe2O4@SiO2-NH2 17.08 7 Langmuir 149.3 1

CoFe2O4–rGO    69.9  4.6 Langmuir 157.9 2

SBA-15-SH 50.9 8 Freundlich 195.6 3

Coal-based activated
carbon 900 4 Langmuir 48.0 4

Polypyrrole/SBA-15 97.6 8 Langmuir 200 5

PDA@Fe3O4 / 5.36 Langmuir 307 6

Polypyrrole multilayer 
cellulose / 6 Langmuir 31.68 7

Magnetic GO 58.6 6 Langmuir 71.3 8

Magnetic CNTs/Fe3O4 97.16 6.5 Langmuir 65.52 9

PPy-PANI/M-SBA-15 12.3 7 Langmuir 253.8 This work

Regeneration performance

In the experimental part of studying the adsorption effect of pH on the material, it 

can be seen that the change of pH has a significant impact on the adsorption of PPy-

PANI/M-SBA-15. Therefore, an acidic solution can be selected to clean the material to 

achieve material regeneration.
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Figure S2. Adsorption performance after repeated use of PPy-PANI/M-SBA-15. (pH 

= 7, dosage of PPy-PANI/M-SBA-15 = 0.05 g/L, T = 298 K，C0 = 30 mg/L, t = 6 h)

In this experiment, 0.1 M dilute HCl solution was used as the regeneration solution. 

The PPy-PANI/M-SBA-15 after adsorption equilibrium was placed in the regeneration 

solution and oscillated at room temperature for 2 h. After that, a magnet was used to 

separate the adsorbent from the regeneration solution, then the material was washed 

with pure water and dried. To show the reusability of the adsorbent, the same method 

was used for five cycles. The results in Figure S2 show that the adsorption and 

regeneration performance of PPy-PANI/M-SBA-15 remain good in the first three 

processes, only a decrease of 9.2%. However, there was a significant decrease after the 

fourth regeneration, which may be caused by the blockage of some pores of the material 

or the loss of some active adsorption sites on the surface of the material during multiple 

adsorption/desorption processes. In short, PPy-PANI/M-SBA-15 has good regeneration 

performance.
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Table S4. 

Thermodynamic parameters of adsorption of mercury by PPy-PANI/M-SBA-15.

ΔG0

C0 ΔH0 ΔS0

298 K 308 K 318 K

20 45.17 218.16 -20.01 -21.61 -24.40

30 20.64 134.81 -19.64 -20.64 -22.36

40 16.37 117.53 -18.72 -19.68 -21.08
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