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Figure S1. Synthesis of B-cyclodextrin functionalized bentonite (BCD-Bent).
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Figure S2. (a) Zeta potentials of bentonite and BCD-AC-CaBent before and after the treatments with H;PO, and urea.
(b) Zeta potential of the BCD-AC-CaBent at different pH values.
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Figure S3. XPS spectrum survey of the obtained fCD-AC-CaBent adsorbent.
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Figure S4. High-resolution XPS spectra of Cls (a), Ols (b), P2p (c), Ca2p (d), Si2p (e), Nals (f), Al2p (g) and N1s (h) of the adsorbent.
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Figure S5. (a) Pb?* adsorption uptake capacity and removal percentage of BCD-AC-CaBent with different adsorbent dosages at room temperature. pH:
6.0. Pb?>* concentrations: 200 mg L-!. (b) Batch adsorption performance: Comparisons of bentonite, APTES-bentonite, BCD-AC-CaBent, BCD-AC-
CaBent before and after treatments with H;PO, and urea at pH 6.0. (¢) Thermodynamic plot of In(Ky) vs 1/T during the adsorption process, K, is the
distribution coefficient for adsorption. (d) Regeneration of BCD-AC-CaBent under continuous column adsorption. Pb?* concertation: 50 mg L-!; pH: 6.0;
flow rate: 50 mL min!; bed height: 1.65 cm.
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Figure S6. Removal % and uptake capacity of Pb>* on BCD-AC-CaBent under low Pb?* concentrations of 0.025
mg L' (a) and 0.015 mg L-! (b), respectively. Adsorbent dosage: 0.5 g L-!; pH: 6.0; flow rate: 50 mL min-!.
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Figure S7. Linear representations of the adsorption on BCD-AC-CaBent in the models of Thomas (a, b, ¢), Yoon-
Nelson (d, e, f), and Bohart-Adam (g, h, 1) at different initial Pb>* concentrations, flow rates and bed heights in the
continuous column tests, respectively.
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Figure S8. The Pb?* uptake capacity and the corresponding released Ca’" concentration at varying Pb>" concentrations.



Table S1. EDX elemental analysis of pure bentonite (a) and BCD-AC-CaBent (b) adsorbents.

Element

% Weight

% Atomic

Element % Weight | % Atomic
Sodium 0.529 0.322 Sodium 0.073 0.043
Calcium 0.927 0.323 Calcium 2.921 1.004
Aluminium 0.089 0.046 Aluminium 0.079 0.034
Silicon 0.548 0.273 Silicon 7.063 3.464
Carbon 46.185 53.803 Carbon 65.881 75.559
Oxygen 51.718 45.230 Oxygen 21.812 18.780




Table S2. Kinetics parameters of the Pb>" adsorption on BCD-AC-CaBent using different models.

pseudo-first-order

pseudo-second-order

Intraparticle diffusion

Concentration Experimental
(me L M) g min) | gomge) | B | Ko(uin) | g (mgeh) | RO R c | ®m
25 23.57 0.019 12.02 0.779 0.167 24.88 0.986 1.336 8.186 0.887
50 48.75 0.019 31.65 0.971 0.393 49.50 0.998 3.194 11.214 0.884
100 96.66 0.023 70.65 0.992 0.237 98.04 0.992 6.255 19.328 0.942
200 174.45 0.024 137.87 0.946 0.220 175.43 0.991 10.997 29.674 0.933




Table S3. Equilibrium isotherm parameters for the Pb>" adsorption on fCD-AC-CaBent.

Experimental Isotherm model
Langmuir Freundlich
Adsorbent dosage (g 4
L) g0 (mg g)
Gmax (MG &) K (L mg!) R? Ky (mg g) N R

0.25 402.20 434.78 0.060 0.950 65.70 2.69 0.949
0.50 279.86 303.03 0.077 0.907 42.52 2.39 0.966
0.75 211.80 212.76 0.162 0.928 41.91 2.59 0.970
1.00 174.45 175.44 0.548 0.985 53.76 2.85 0.992
2.00 90.78 91.74 0.602 0.974 30.29 2.81 0.991
3.00 60.32 60.97 1.146 0.985 24.66 3.09 0.964




Table S4. Comparison of adsorption performance of different adsorbents.

Experimental condition Model
Adsorption
Adsorbent capacity |Adsorbent| Initial Pb>* Temperature Reaction i Desorption References
(mg gl dosage concentration (Il ) pH cac Eﬁ;l tme Analysis method me trl?o d Kinetics Adsorption isotherm
(gL™h mg L

Plasma- treated ;
activated carbon 2.15 1.00 20 25 N/A 24 ICP-OES HNO; pseudo-first order Langmuir [1]
Treated activated
S 29.44 1.00 5-70 3742 5.0 20 ICP-OES HNO, N/A Langmuir 2]
EDTA- N/A

reduced 228.00 [0.01-0.02 5-300 2541 6.8 24 AAS & ICP-OES HCI / Langmuir [3]
graphene oxides

Chlorophosphonazo 111 seudo-second order
Carbon nitride 65.60 0.02-0.90 10 45 6.0 24 spectrometric technique HClI P Langmuir [4]
at 616 nm
Phosphorylated
cellulose 108.50 1.00 100 25,40 & 60 | 5.0 0.5 AAS HCI pseudo-second order Langmuir [5]
microsphere
i\ﬁgsﬁlfﬁgl)ls silica 272 0.01 100 22 4.8 2 AAS HCI pseudo-second order Langmuir [6]
. . Room )
Activated alumina 83.33 1.0-10.0 10-800 temperature 5.0 2 AAS N/A pseudo-second order Langmuir [7]
-cyclodextri Freundlich
Eoclzﬁqzr:x i 196.40 0.05 1-200 25 5.0 24 AAS HNO, pseudo-second order reundie 8]
1.0, 2.0, Room . . .
= - . =, . . - 9 = L]

pCD-AC-CaBent 434.78 3.0 25-300 temperature 6.0 1.00 ICP-MS, AAS HCl pseudo-second order Langmuir, Freundlich | This study




Table SS. Thermodynamics properties of Pb>* removal on BCD-AC-CaBent.

Initial Pb?* AGe AHP ASe
concentration T (1/K) In(ky) R?
(mg L") (kJ mol-') (kJ mol') (J mol-1K -1)
298 1.640 -4.062
308 1.921 -4.919
200 35.618 131.071 0.9912
318 2.197 -5.809
328 2.666 -7.270




Table S6. Experimental parameters of breakthrough curves with Pb>" adsorption on BCD-AC-CaBent under
different conditions at room temperature and pH 6.

C, Flow rate | Bed height | M t, v, qs t, V, qs t, U, HMTZ Gonax
gL | mLmint) | (em) | (@ | @min) | @L) | (mgg?) | (min) | (mL) | @mgg?) | (min) | @©mmint) [ (em) | (mggr)
12 50 1.65 15| 16 | 800 | 840 130 | 6500 | 933 114 0.014 1446 | 18.59
Initial Pb2* 25 50 1.65 15| 12 | 600 | 1385 | 85 | 4500 | 1000 | 78 0.019 1430 | 2038
concentration
(mg L)
50 50 1.65 15| 8 300 | 1677 | 65 | 3250 | 1415 | 59 0.025 1497 | 29.74
100 50 1.65 15| 15 75 | 2085 | 45 | 2250 | 1920 | 435 0.036 1595 | 33.26
50 10 1.65 15| 65 | 650 | 2762 | 470 | 4700 | 1566 | 405 0.003 1421 | 3978
50 25 1.65 15| 18 | 450 | 2206 | 150 | 3750 | 1275 | 132 0.011 1452 | 36.56
Flow rate
(mL min™)
50 50 1.65 15| 6 300 | 1677 | 65 | 3250 | 933 59 0.025 1497 | 29.74
50 100 1.65 15 15 | 150 | 1092 | 27 |2700 | 1258 | 255 0.061 1550 | 21.74
50 50 1.20 10| 3 150 | 1678 | 45 | 2250 | 1671 | 42 0.026 1120 | 26.09
Bed height (cm) 50 50 1.65 15| 6 300 | 1600 | 65 | 3250 | 1415 | 59 0.025 1490 | 29.74
50 50 3.20 30| 10 | 500 | 13.91 95 | 4750 | 936 85 0.033 2860 | 21.97

t, — 10% break through time (min)

V), — breakthrough volume (mL)

qp — uptake capacity at breakthrough time (min)
t, — 90% saturation time (min)

V,— saturation volume (mL)

ts— time require for the movement of the mass transfer zone (min)

U, — mass transfer zone (MTZ) moving rate (cm min-!)

HMTZ - Height of MTZ (cm)
Qmax - €Xperimental uptake capacity (mg g!)




Table S7. Comparison of the adsorption performance of the BCD-AC-CaBent and other adsorbents in a fixed bed column.

Experimental condition

Uptake
Adsorbent Initial Pb2* Fitting column model capacity | References
Flow rate Adsorbent dosage . Bed height . . (mg g)
(mL min"!) (@ concentration pH (cm) Analysis method Regeneration
(mg mL)
Amberlite IRC-
718 chelating 1,3 N/A 0.375 5.6 N/A AAS I M HNO; N/A 19.90 [9]
resin
N/A
Chelex-100 2 0.375 5.6 N/A AAS 1 M HNO;, N/A 22.80 9]
Coir fibres 40 100 2.13,3.21,4.16 | N/A N/A AAS 0.025 M NaOH N/A 16.60 [10]
1.4,2.9,7.7 of
Carbonaceous .
. carbonaceous material
material and 5 20 6.0 4-8 AAS N/A N/A 9.10 [11]
. and 0.7,1.9,3.9 g of
activated carbon .
activated carbon
Olive stone
treated by 6 5 10-150 5 44 AAS N/A Thomas, Yoon-Nelson, Bohart-Adam 131 [12]
and Dose response
H,SO,
Phosphorylated
cellulose 1,143 03-0.6 50,100,150 |2 4% 57510 AAS 0.1 M HNO; Thomas, Yoon-Nelson, Bohart-Adam, | 1 o5 [5]
. 5.0 BDST, Dose Response
microsphere
Modified b
le:S thed beet 1,3,6 4,812 ¢ 15, 30, 60 4.0 3,6,9 ICP-OES N/A Thomas, Yoon—Nelson and BDST 29.60 [13]
Th Yoon-Nel Bohart-
Laterite 10, 15, 20 N/A 3,9,15 N/A 2,5,7 AAS N/A A d‘;f;as’ oon-Nelson and Bohar 5.43 [14]
PCD-AC- ICP-MS and Thomas, Yoon-Nelson and Bohart- .
CaBent 10, 25, 50, 100 1.0,1.5,2.0 12, 25,50,100 | 6.0-7.0 | 1.25,1.65,3.2 AAS 0.1 M HC1 Adam 39.78 This study




Table S8. Thomas, Yoon-Nelson and Bohart-Adam model parameters with various initial Pb?* concentrations, flow rates, and bed heights.

Initial Pb?** concentration C,, mg L!

Bed height, cm (C, = 50 mg L', flow rate

Model P t Fl te, mL min-! (C, = L1
ode arameter (flow rate = 50 mL min-') ow rate, mL min! (C, =50 mg L) — 50 mL min")
12 25 50 100 10 25 50 100 1.2 1.6 3.2

R? 0.9796 0.9504 0.9113 0.9361 0.9021 0.8947 0.8932 0.7967 0.7297 0.8872 0.8195
Thomas Ky (L mg!

m?;_l) 0.003 246x 103 | 1.66x103 [9.84x104 |2.78x104 [7.9x104 |1.88x10% |451x102 |2.606x103 |1.89x103 |1.33x103

g, (mg g 22.65 43.70 64.89 76.92 87.91 74.32 58.25 44.71 61.20 58.42 47.10

R? 0.9796 0.9504 0.9113 0.9361 0.9021 0.8947 0.8932 0.7967 0.7927 0.8872 0.8195
Yoon-Nelson | x i) 0.0475 0.0617 0.0830 0.0948 0.0139 0.0395 0.0941 0.2556 0.1303 0.0949 0.0669

T (min) 56.29 52.45 38.93 23.95 263.38 89.18 34.95 13.45 24.48 34.05 56.52

R2 0.8425 0.8420 0.6666 0.6647 0.6976 0.6906 0.6917 0.6311 0.5678 0.6836 0.6002
Bohart- Kp, (L mg!
Ad ; 196x 103 | 1.61x103 |8.78x10%* |[4.07x10* | 1.64x10* [4.74x103 |1.12x103 |2.99x103 |1.61x 103 1.14x 103 | 8.4x 10

am min-!)
No(mgL') |21913 33004 59030 92430 72204 60667 47535 34221 54307 47427 37803
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