Supplementary material

Ultrasound-Assisted Synthesis of MXene-Grafted Coconut Husk Activated Carbon for Enhanced Adsorption of Carbamazepine: Batch Study and Optimization
Sampad Sarkara,b*, Suryanshu Mukherjeea, Papita Dasa,b, Avijit Bhowala,b
a Department of Chemical Engineering, Jadavpur University, Kolkata, India.
b School of Advanced Studies in Industrial Pollution Control Engineering, Jadavpur University, Kolkata, India.

*Corresponding Author: sarkarsampad300@gmail.com

S1 Isotherm Analysis
When the adsorbate molecules are in the liquid solution phase, their mobility or portability to the solid porous adsorbent surface can be explained by the adsorption isotherm. Based on the outcomes of a batch study using a changing carbamazepine concentration and a constant adsorbent dose, adsorption isotherms of the reaction were calculated. To find the link between the composite surface and the carbamazepine concentration at equilibrium under particular conditions, the current work examined the Langmuir, Freundlich, and Dubinin-Radushkevich isotherm models.
In theory, the monolayer coverage on the adsorbent surface is indicated by the Langmuir isotherm. In the Langmuir isotherm's linear form, the theoretical maximum adsorption capacity and the coefficient of adsorption energy were represented by:
    ………………………………………………………………………….(1)
At equilibrium conditions, Ce (mg. L-1) and qe (mg. g-1) indicate the amount of unabsorbed pollutant in solution and the quantity of carbamazepine removal per unit adsorbent mass, respectively. The KL (L. mg-1) demonstrates the significance of active adsorption sites, whereas the qmax (mg. L-1) depicts the greatest amount of monolayer creation that can be achieved through adsorption. (Langmuir, 1918).
The qmax and KL values were computed using the specific adsorption's slope and intercept Ce/qe in relation to the equilibrium concentration of carbamazepine Ce curve. Another important characteristic, the separation factor (RL), gives details regarding the benefit of the adsorption process. The importance of RL provides information about the different adsorption process conditions listed below. To express RL, the following formula could be utilized:
    ……………………………………………………………………………………………(2)
Here, the prepared carbamazepine concentration was denoted as C0 (mg. L-1).
If 0 < RL < 1, adsorption will be favourable, and adsorption will be linear when RL = 1. When RL = 0, adsorption will be irreversible, and if RL > 1, it will be unfavourable.
To further understand the adsorption process, the multilayer adsorption behaviour was also investigated in the Freundlich isotherm. The Freundlich isotherm's empirical formula is as follows:
    ………………………………………………………………………………….(3)
  ……………………………………………………………………(4)
[bookmark: _Hlk197680558]The Freundlich constant is KF (mg. g-1), and n (L. mg-1)1/n indicates the optimal circumstances for carbamazepine adsorption, where 0 < n < 10. The intercept of the logqe vs. logCe graph was used to calculate KF, although the graph's slope can be used to find the n value (Freundlich, 1907).
The adsorption process on an adsorbent with a pore structure or one with a heterogeneous surface that expresses the adsorption free energy by the Dubinin-Radushkevich isotherm model (Günay et al., 2007). The empirical formula is as follows:
……………………………………………………………………………(5)
……………………………………………………………………………(6)
Where qs refers to the theoretical isotherms’ saturation capacity, ε is the Polanyi potential, and β is the Dubinin-Radushkevich isotherm constant. R is the universal gas constant (8.314 J.mol-1.K-1), T is the operational temperature (K), and Ce is the carbamazepine equilibrium concentration.
The following formula is used to determine the free energy (E) of adsorption per adsorbate molecule.
………………………………………………………………………………………..(7)
[bookmark: _Toc187222677]S2 Kinetic Analysis
Using the results of a temperature-dependent batch investigation of carbamazepine adsorption by AcC/MXene adsorbent, the rate of adsorption was measured. Two different models were taken into account to investigate the experiment's adsorption kinetics: the pseudo-first-order model (Weber Jr & Morris, 1963) and the pseudo-second-order model (Ho & McKay, 1999). The following is the expression for the pseudo-first-order kinetic model's linearized form:
  ………………………………………………………………(5)
Where the carbamazepine adsorption capabilities by nanocomposite at equilibrium and at any time (t) were indicated by the symbols qe (mg. g-1) and qt (mg. g-1). The adsorption rate constant was expressed as k1 (min-1). 
The linearized pseudo-second-order kinetic model can be represented by the following formula:
       ……………………………………………………………………………(6)
The carbamazepine adsorption capabilities by the nanocomposite at equilibrium and at any time (t) were represented by the symbols qe (mg. g-1) and qt (mg. g-1). The adsorption rate constant was expressed as k1 (min-1) (Sarkar et al., 2024). 
[bookmark: _Toc187222678]To assess the applicability of each model and compare the theoretical values with experimental adsorption capabilities, the correlation coefficient (R2) was calculated accordingly.
S3 Thermodynamic Analysis
The parameters were calculated using the following formulas derived from thermodynamic analysis for the carbamazepine adsorption on adsorbent:
 …………………………………………………………………………………… (7)
 ……………………………………………………………………………(8)
 …………………………………………………………………………. (9)
  …………………………………………………………………… (10)
Kc, ΔH (J. mol-1), ΔS (J. mol-1. K-1) and ΔG (J. mol-1) were the distribution coefficients for the adsorption, change in enthalpy, change in entropy, and Gibbs' free energy change, respectively.  The absolute temperature was denoted by T and the universal gas constant by R (J. mol-1. K-1). The numbers Qe and Ce represented the equilibrium concentration of the carbamazepine molecule and the number of adsorbate molecules adsorbed per unit dry adsorbent mass used, respectively.
S4 Characterization techniques and instruments for the nanocomposite
Using a Zeiss EVO LS 10 scanning electron microscope (SEM) (Sigma, Zeiss, Germany), and via transmission electron microscope (TEM) using a JEM-1400 Plus (JEOL, Japan), the surface morphology of AcC/MXene was examined. Thermogravimetric analysis (TGA) and derivative thermogravimetric analysis (DTGA) were employed to evaluate the thermal stability and purity of the composite using a Perkin Elmer Simultaneous Thermal Analyzer 6000 (India). Attenuated total reflection (ATR)- Fourier transformation infrared spectroscopy (FTIR) was utilized to determine the functional groups present in the adsorbents using a Parkin Elmer FTIR instrument L1600300 Spectrum TWO LITA (UK). An X-ray diffractometer (Bruker D8 Advance instrument, Germany) was used to determine the crystalline structure of the composite. Brunauer-Emmett-Teller (BET) analysis was used to determine the nanocomposite surface area by using the instrument autosorb-iQ2 (Quantachrome Instruments, USA). Zeta potential and the particle size of the nanocomposite was determined by Zetasizer Malvern ZEN 3600 (UK).
S5 Comparison of removal % between Coconut husk-derived Activated carbon, MXene and AcC/MXene nanocomposite

[image: A graph of different colored bars

AI-generated content may be incorrect.]
[bookmark: _Hlk206234982]Fig. A1 Comparative study of MXene, AcC and AcC/Mxene nanocomposite, with a constant dosage of 0.3 g.L-1 for each adsorbent in separate Erlenmeyer flasks, initial carbamazepine concentration of 100 mg.L-1, pH of the solution at 7, temperature at 308 K, and agitation speed of 130 rpm of the incubator shaker.







S6 Particle Size analysis of AcC/MXene by DLS Method
[image: ]
[bookmark: _Hlk206231822]Fig. A2 Particle Size analysis of AcC/MXene by DLS Method.
S7 Process Optimization 
[image: ]
[bookmark: _Hlk206231233][bookmark: _Hlk197936810]Fig. A3 Desirability optimization of three selected inputs.
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