
Detailed de`scription of adsorption experiments 
Weigh 1.5986 g of Pb(NO3)2, dissolve it in 1L of deionized water, and prepare a Pb2+ stock 

solution, and then the stock solution was diluted to 100mg·L-1. Similarly, prepare BTA solution 
of a concentration of 100 mg·L-1. In this study, the preliminary experiments confirmed that the 
optimum dosage of WL adsorbing BTA and Pb2+ is 0.035g. Hence, the dosage of WL in the batch 
adsorption experiments is 0.035g. 

(1) pH experiment: To explore the effect of pH on the adsorption performance of WL by 
adjusting the initial pH value of the solution: take 50mL of Pb2+ and BTA solution with a 
concentration of 100 mg·L-1 and place it in a set of 100mL centrifuge tubes; and use a solution 
of 0.1mol·L-1 HNO3 and NaOH to adjust the pH of the Pb2+ solution between 2-6, and the pH of 
the BTA solution is adjusted at 2-9; later, 0.035g WL sample is added to Pb2+ and BTA solution 
respectively, then they are shaken in a constant temperature shaker at 25±1℃at 220 r·min-1 for 
24h. They are then centrifuge at 4000 r·min-1 for 10 mins, and the supernatant is taken and then 
filtered it through a 0.45µm GE cellulose nylon membrane. The content of Pb2+ in the filtrate is 
determined by inductively coupled plasma mass spectrometer (ICP-MS, NexION 2000, Perkin-
Elmer SCIEX, USA). The content of BTA in the filtrate is determined by a UV-Vis 
spectrophotometer (UV-2550, AOE, China). Three replicates are set up for each treatment. 
According to the contaminants (Pb2+ and BTA) concentration difference to calculate WL 
adsorption of Pb2+ and BTA content. The formula is as follows: qୣ = （େబିେ౛）×୚௠                                                                    (a) 

In the formula, qe (mg·g-1) represents the adsorption amount of WL when the adsorption 
reaches equilibrium; C0 (mg·L-1) and Ce (mg·L-1) represent pollutants (Pb2+ and BTA) initial 
concentration and equilibrium concentration; V(L) is the solution volume; m(g) is the quality 
of WL. 

(2) Adsorption kinetics: Take 50mL of Pb2+ and BTA solution respectively with a 
concentration of 100 mg·L-1 and place them in a set of 100mL centrifuge tubes, and then 0.035g 
WL is added, and then the centrifuge tubes are placed in a constant temperature shaker at 25±1℃
and oscillated at 220 r·min-1, respectively. Samples are taken at different time points (5-
1440min). Then the remaining pollutant concentration in the solution (Pb2+ and BTA) are taken. 
Filtration of solutions, centrifugation and determination of pollutant concentrations and the 
method of the pH experiment in (1) are the same. Three replicates were set up for each 
treatment. Fitting analysis of experimental data was performed using the pseudo-first-order 
kinetic model (b) and pseudo-second-order kinetic model (c). The formula is as follows: ln(qୣ − q୲) = ln qୣ − kଵt                                                          (b) ୲୯౪ = ଵ୩మ୯౛మ + ୲୯౛                                                                    (c) 

In the formula, q୲ and qୣ (mg·g -1) represents the adsorption capacity at time t and 
adsorption equilibrium, and Kଵ and Kଶ  represent the rate constants of the pseudo-first-order 
kinetic and pseudo-second-order kinetic models, respectively. 

(3) Adsorption isotherm: take 50mL of different concentrations of Pb2+ and BTA solutions 
(10 -500 mg·L-1) and place them in 100mL centrifuge tubes. Then 0.035g WL is added, and the 
centrifuge tubes are placed in a constant temperature shaker at 25±1℃, and Oscillated at 220 
r·min-1 for 24h. Take samples. Then measure the remaining pollutant concentrations in the 



solution (Pb2+ and BTA). The filtration, centrifugation and determination of pollutant 
concentration of the solution are the same as the method of pH experiment in (1). Three 
replicates were set up for each treatment. The analytical data were fitted using Freundlich (d) 
and Langmuir (e) isotherm models. The formula is as follows: qୣ = K୊ Cଵୣ/୬                                                                     (d) qୣ = େ౛୯ౣ୏ైଵାେ౛୏ై                                                                      (e) 

In the formula, where K୊ represents the adsorption constant of the Freundlich isotherm 
model, 1/n represents the adsorption intensity parameter of the Freundlich isotherm model, 
dimensionless; Ce represents the pollutant (Pb2+ and BTA) concentration at adsorption 
equilibrium (mg·L-1), qm is the maximum adsorption capacity of WL (mg·g-1), 
and𝐾௅ represents the adsorption constant of the Langmuir temperature model. 

(4) Adsorption thermodynamics: at different temperatures (25℃, 35℃and 45℃), explore 
the adsorption capacity effect of Pb2+ and BTA on WL, and investigate the thermodynamics of 
adsorption of Pb2+ and BTA on WL. Use the Gibbs-Helm Holtz Equation to study the 
thermodynamics of adsorption of Pb2+ and BTA on WL. The formula is as follows: ∆𝐺° = −RTlnKୢ                                                                      (f) Kୢ = qୣ m/Cୣ V                                                                    (g) ∆G° = ∆𝐻° − T∆𝑆°                                                                 (h) 

In the formula, ΔH o (J·mol-1) represents enthalpy change; ΔS o (J·mol-1·k-1) represents 
entropy change; ΔGo (kJ mol-1) represents Gibbs free energy; Kd is the adsorption partition 
coefficient R (8.314 J·mol-1·k-1) represents the gas constant; T(k) stands for absolute temperature.  

(5) Competitive adsorption of BTA and Pb 2+: set the concentration of BTA to 20 mg·L-1, 50 
mg·L-1, 80 mg·L-1 and 100 mg·L-1, respectively. Explore different concentrations of Pb2+ (0 mg·L-

1, 50 mg·L-1, 100 mg·L-1) on the adsorption of BTA by WL. Similarly, the Pb2+ concentrations are 
set to 20 mg·L-1, 50 mg·L-1, 80 mg·L-1 and 100 mg·L-1, and different concentrations of adsorption 
of Pb2+ on WL are explored in the presence of BTA at different concentrations (0 mg·L-1, 50 mg·L-

1, 100 mg·L-1). 
(6) Effects of coexisting ions and HA on the adsorption of BTA and Pb2+ on WL: the 

common cations in water (Na+, K+ and Ca2+) as a representative to explore the effect of 
adsorption of coexisting ion pairs of BTA (100 mg·L-1) and Pb2+ (100 mg·L-1). In this study, the 
concentrations of these cations were set between 0-2.5mmol·L-1. HA is the main component of 
natural organic matter (NOM) in natural water. The concentration of HA is set at 0-100mg·L-1 
to explore the effect of absorption of organic matter in water on BTA (100 mg·L-1) and Pb2+ (100 
mg·L-1). 

(7) Recycling experiment of WL: the used WL will be collected. 95% ethanol and 0.1 mol·L-

1 HCl as adsorbents will be used respectively to desorb BTA and Pb2+ from WL. Then the 
regenerated WL after washed three times with deionized water and dried. Then the reusability 
of WL will be explored. 

In experiments (5), (6) and (7), each treatment also set three repetitions. Shaking, filtering, 
centrifuging and determining pollutants concentrations (Pb2+ and BTA) are completed with 
using the same the method of the pH experiment in (1). 

  



Figure captions 

Figure S1 SEM images of WBC (a), LDH (b), WL (c) and EDS spectrum of WL (d) 
Figure S2 XRD pattern of WBC, LDH and WL 
Figure S3 FTIR spectra of WBC, LDH and WL 
Figure S4 Effect of temperature versus WL adsorption BTA and Pb2+ (a); WL adsorption of 
BTA (b) and Pb2+ (c) Van't Hoff curve 
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Table S1 Pore characteristics of WBC, LDH and WL 

Adsorbents Surface area 

(m2·g−1) 

Pore volume 

(cm3·g−1) 

Average pore size 

(nm) 

WBC 69.251 0.116 10.612 

LDH 1.933 0.097 15.575 

WL 112.146 0.184 6.346 

  



Table S2 Comparison of WL with adsorbents in other related reports 

Adsorbents T (℃) 
qm ( mg·g-1) 

References 
BTA Pb2+ 

Zn-Al-O binary metal oxide 25 9.5  [1] 

Zeolitic Imidazolate Framework-8 40 204.8  [2] 

Zeolitic Imidazolate Framework- graphene oxide 40 207.9  [3] 

Chitosan pyromellitic dianhydride modified biochar 25  9.24 [4] 

Magnetic graphene oxide/MgAl-LDH 25  192.3 [5] 

Sulfamic acid hydrochar 25 159.9  [6] 

Hydrochar/ MgAl-LDH 25  64.4 [7] 

Magnetic MnFe2O4-sludge biochar 25  174.2 [8] 

WL 25 248.44 227.13 This study 

  



Table S3 Thermodynamic parameters of WL adsorption of BTA and Pb2+ 

Pollutants T (K) ΔGo (kJ mol-1) ΔHo (kJ mol-1) ΔSo (J mol-1 K-1) 

BTA 298 -30.65 81.14 375.13 

308 -34.40 

318 -38.15 

Pb2+ 298 -37.52 22.83 202.53 

308 -39.55 

318 -41.57 
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