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Section S1

Two kinetic models, including pseudo-first-order kinetic and pseudo-second-order kinetic, 

were applied to fit the adsorption data of CBZ. The corresponding kinetic models can be 

expressed as follows Equation S1 and Equation S2, respectively.
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                             (Equation S2)

where the qt and qe (mg g-1) are the amounts of the absorbed CBZ at t time (min) and 

equilibrium, respectively, and K1 (min-1) is the pseudo-first-order rate constant of the Equation S1. 

K2 (g mg-1 min-1) is the pseudo-second-order rate constant in Equation S2

Section S2

To further evaluate adsorption kinetics of as-prepared sorbents, the adsorption rate (va) of 

sorbents for the removal of CBZ from water was calculated by the Equation S3.

                  (Equation S3)
𝑣𝑎 =

（𝐶0 ‒ 𝐶𝑡）𝑉

𝑚 𝑡

where va (mg g-1·min-1) is the adsorption rate, C0 (mg L-1) is the initial concentration of CBZ and 

Ct (mg L-1) is the concentration of CBZ at the time to reach 90% of the maximum adsorption. V (L) 

is the volume of solution and m (g) is the weight of the adsorbent. t (min) is the time to reach 90% 

of the maximum adsorption.

Section S3

We use two most common adsorption models to describe the isotherm adsorption behavior of 

CBZ on HCCs. Langmuir model represents single-layer adsorption, in which the adsorbate is 
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adsorbed on the adsorbent surface. Freundlich model is an empirical model that represents multi-

layer adsorption. The corresponding equations are shown below:
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                                 (Equation S4)

                          (Equation S5)
log 𝑞𝑒 = log 𝐾𝐹 +

1
𝑛

log 𝐶𝑒

where Ce (mg·L-1) and qe (mg·g-1) are the equilibrium concentration and equilibrium amount 

of adsorbed CBZ, respectively; qm (mg·g-1) is the maximum adsorption capacity of adsorbent, and 

KL (L·mg-1) is the Langmuir constant related to the adsorption bond energy. The KF and n are the 

Freundlich constants related to the adsorption capacity and intensity of adsorbent.

Section S4

Thermodynamic parameters just like free energy change (ΔGº), enthalpy change (ΔHº) and 

entropy (ΔSº) were calculated using the following Equation S6 and Equation S7.

(Equation S6)∆𝐺° =‒ 𝑅𝑇𝑙𝑛𝐾𝑝                                                                                        

                                     (Equation S7)
𝑙𝑛𝐾0 =‒

∆𝐻0

𝑅𝑇
+

∆𝑆0

𝑅

Where, the thermodynamic equilibrium constant (Kd) depends on the temperature, Gibb’s free 

energy change ( 0, kJ mol-1), standard enthalpy change ( 0, kJ mol-1) and standard entropy ∆𝐺 ∆𝐻

change in entropy ( 0, J mol-1K-1) to describe the thermodynamic process of adsorption. ∆𝑆

When T ＜ 0 at temperature T, the reaction is spontaneous, whereas the reaction is not ∆𝐺

spontaneous at this temperature. Moreover, if H is less than 0 then the reaction is exothermic, ∆

otherwise, the adsorption processes is endothermic
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Figure S1. XRD patterns of as-prepared ZIF-8 and ZIF-8/NaCl hybrids

Figure S2. SEM image of as-prepared ZIF-8
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Figure S3. N2 adsorption-desorption isotherm and pore size distribution of powdered AC.
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Figure S4. Zeta potential of HCCs.
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Figure S5. Adsorption amount of CBZ on HCCs from DI water and tap water
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Table S1. Pore structure of the as-prepared HCCs, CPs and AC 

SBET (m2 /g) Pore volume (cm3/g)Sample
Micro Total Micro Total

HCCs 712.2 1026.5 0.482 0.587
CPs
AC

285.1
322.5

447.1
866.9

0.215
0.334

0.283
0.751

Table S2. The atomic conc% of CPs, CBZ, and HCCs before and after adsorption of CBZ 

from XPS results.

Atomic conc%
C1s (%) O1s (%) N1s (%)

CPs 88.31 2.28 9.41
HCCs 85.21 2.33 12.45
HCCs-CBZ 86.55 4.57 8.88
CBZ 84.69 5.44 9.87

Table S3. Kinetic model parameters for the adsorption of CBZ on HCCs, CPs, and AC.

Pseudo-first-order model Pseudo-second-order model
Sorbent Qe cal/

(mg L-1)
K1/
(L mg-1)

R2
Qe cal/
(mg L-1)

K2/
(L mg-1)

R2

HCCs 34.53 3.7×10-5 -0.091 216.45 0.00144 0.999
CPs 67.11 0.018 0.967 21.45 0.00638 0.999
AC 6222.00 0.027 0.734 160 0.00110 0.998

Table S4. Adsorption capacity and rate of CBZ on HCCs, CPs, AC and other reported adsorbents.
CBZ

Adsorbents
t (min) Qt (mg g-1) va (mg g-1 min-1)

HCCs 4 202.5 50.63
CPs 30 17.5 0.583
AC 30 142.2 4.74
UiO-66[1] 240 27.8 0.116
KOH-activated biochar[2] 100 250 2.5
CNT-DFB 1.8[3] 720 275 0.382
AC-PS[4] 180 242 1.344
bleached pulp 800-HCl-H3PO4[5] 50 81 1.62
Mesoporous AC[6] 120 162 1.35
GO/MWCNT-COOH[7] 60 147 2.45
AC/Fe3O4[8] 180 102 0.567

*t is the time to reach 90% of the maximum adsorption
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Table S5. Thermodynamic parameters for the adsorption of CBZ on HCCs

T(℃) lnKo ΔGo (J mol-1) ΔHo (J mol-1) ΔSo(mol∙K)-1)
25 3.069 -7608.15

35 2.945 -7544.41CBZ

45 2.868 -7586.06

-7954.94 -1.21825

Table S6. Langmuir and Freundlich models parameters of CBZ on HCCs
Langmuir Freundlich

Qmax/(mg/L) KL/(L/mg) R2 n KF/(mg-

1/nL1/ng-1)
R2

25℃ 248.76 2.297 0.996 3.902 2.170 0.969
35℃ 242.72 1.761 0.989 4.266 2.144 0.968
45℃ 240.38 1.342 0.985 3.896 2.104 0.968

Table S7. Parameters of impurity in tap water

Ammonia nitrogen ＜0.5 mg L-1

COD ＜5 mg L-1

Sodium ＜200 mg L-1

Nitrate ＜20 mg L-1

Sulfate ＜300 mg L-1

Total dissolved solids ＜1500 mg L-1

Total number of colonies ＜500 CFU mL-1

pH ≤9.5, ≥6.5
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