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ABSTRACT
[bookmark: _Hlk87345349][bookmark: _Hlk87345389]The aim research of 5,11,17,23-tetra-(t-butyl)-25-monohydroxy-26,27,28-tribenzoyloxycalix[4]arene (TBMTCA) and 5,11,17,23-tetra-(t-butyl)-25,26,27,28-tetrahydroxycalix[4]arene (TBCA) as an adsorbent of Pb2+ cations has been conducted. The adsorption method used a batch system method with variations in pH, exposure time, and initial concentration of Pb2+ cations. In addition, the optimum contact time of Pb2+ cations adsorption was 180 minutes. The adsorption kinetics of Pb2+ cations using TBCA and TBMTCA followed pseudo-2nd order and pseudo-1nd order kinetics with adsorption rate constants of the adsorption method using a batch method with variations in pH, exposure time, and initial concentration of Pb2+ cations. The results showed that the optimum at pH = 4 for the Pb2+ cations, the optimum exposure time parameter for the Pb2+ cations adsorption was 30 minutes. The kinetic models for the Pb2+ cations to the adsorbent TBMTCA and TBCA follow the Lagergren kinetics pseudo-1nd order, and pseudo-2nd order with an adsorption constant rate of 9.21 x 10-3 minute-1 and 6,91 x 10-3 minute-1 respectively. The adsorption capacity of Pb2+ cations onto adsorbent TBCA and TBMTCA were the optimum adsorption capacity for the Pb2+ cations is 137.29 mg/g and 128.46 mg/g, with adsorption energy of 6.51 kJ/mol and 5.81 kJ/mol respectively.
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[bookmark: _aw0lqo8rd78e]INTRODUCTION      	      	
Water pollution is a consequence of the development of various industries and is still a big and unsolved problem and the cause of deteriorating public health, especially heavy metals pollutants that pollute several regions including Indonesia [1].  That lead statement is widely used in the paint, fuel, battery, and ammunition industries. The poisoning by lead is very influential on children and comes from the paint used on the walls of the house. If this metal is in the blood up to a scale of 6, it can cause reading disabilities [2]. The concentration of Pb metal in waters does not depend on the season but the depth of the waters. Lead ions present in water can enter the body of fish and other aquatic animals. Generally, the natural level of Pb in water is 0.03 g/mL in seawater and 0.3 g/mL in river water. In the human body, Pb metal cations react with SH groups in proteins, enzymes, blood, so that chemical reactions can be disrupted. In addition, Pb can replace the position of calcium in the bones. In animals and humans, lead can enter the body through food and drink consumed as well as through breathing and penetration of the skin. In the human body, lead can inhibit the activity of enzymes involved in the formation of hemoglobin which can cause anemia. Lead can be found in oxidation states of 0, 2+, and 4+. In aquatic environments, Pb2+ cations are more often found. Lead is found in the form of PbOH+, Pb(OH)2, Pb(OH)3, Pb2(OH)3+, Pb3(OH)42+, Pb4(OH)44+, Pb6(OH)84+ and Pb2+  [3]
Two heavy metals are often found as lead contaminants (Pb metal) in the form of Pb2+ cations concentrated due to human activities. Lead metals, in general, can be interference with physiological activities, cell metabolism in plants, animals, and humans by accelerating the formation of reactive oxygen species and by inhibiting the work of bivalent and other monovalent metals in the body. Special methods need to be carried out to reduce the heavy metals content specifically Pb2+ cations in wastewater before being released into the ecosystem [4]. Methods for removing Pb2+ cations from wastewater, several methods have been developed such as chemical deposition, ion exchange, adsorption. Low concentrations of Pb2+ cations pollutant can be separated using calix[4]arene-tetraacetate as adsorbents to remove contaminated pollutants using the droplet-based microreactor system methods [5]. The research group of organic compounds being the main focus in the development of adsorbent is tb-calix[4]arene derivatives, which can be used as heavy metal removal with good adsorption. With the modification of tb-calix[4]arene modification, it is not only limited to the addition of functional groups and has the ability to  adsorption Pb2+ cations, calix[4]arene derivative materials such as: Netty Polymer [6];  Bisazocalix[4]arene [7]; Calix[4]resorcinarene derivative [8]; Pb2+ Imprinted Carboxyl Chitosan [9]; Polypropylcalix[6]arene [10]; Poly-tetra-p-allylcalix[4]arene [11]; Chitosan-calixresorcinarene [12]; Methoxyphenylcalix[4]-resocrcinarene [13]; Calixarene-grafted  nanocomposites [14]; Polypyrrol-carbon composites [15]; Poliacrylamide [16]; TBCA [17-19] and [21]. Synthesized tribenzoyloxy-p-tert-butylcalix[4]arene through two reaction routes namely the synthesis of p-tert-butylcalix[4]arene (TBCA) using p-tert.butylphenol with formaldehyde in basic conditions (NaOH) and water smoke [21], and partial benzoylation of p-tert-butylcalix[4]arene using benzoyl chloride in a mole ratio of 1: 3.5 yields tribenzoyloxy-p-tert-butylcalix[4]arene (TBMTCA) [22-23];  adsorption Pb(II) using calix[4]resorcinarene derivative [8]; adsorption Pb(II) using Poly-calix[4]arene [24].  The advantage of this study is that is an adsorbent and has two types of active sites as ligands, namely the -COOPh (ester) and hydroxy groups, so that interaction can occur on the Pb2+ cations effectively
[bookmark: _dd5pneqd68pr]EXPERIMENTAL SECTION
[bookmark: _2qxk1ysrija6]Materials and Instrumentation
Synthesis tb-calix[4]arene (TBCA) according [18] and [21],  tribenzoyloxy-tb-calix[4]arene (TBMTCA) according [22-23];  aquabides (Lab. Organic FMIPA-UNEJ), Pb2+ cations,  acetone, Na2SO4 anhydrate, K2CO3, and used without purification. The instruments used in this study consist of laboratory glassware, heating and magnetic stirring analytical scales (Libror EB-30 Shimadzu), Buchii evaporators (R-124), melting point determinants (Electrothermal-9100), spectrophotometry infrared (FTIR, Shimadzu-8201PC), 1H-NMR spectrometry (Agilent Variant NMR 400 MHz Proton Magnetic Spectrometry, atomic absorption spectrophotometry (SSA), Buck Scientific, Pb-AA-283.2-Lib3 lamps, pH Meter (Janway 3505 pH Meter)
[bookmark: _kz3yrn27lsk]Procedure
Synthesis of 5,11,17,23-tetra-(t-butyl)-25,26,27,28-tetrahydroxy-calix[4]arene (TBCA)
Synthesis of TBCA:  5,11,17,23-tetra-(t-butyl)-25,26,27,28-tetrahydrpxy-calix[4]arene (TBCA), was  synthesized according [18] and [21] crude products are being crystallized with CHCl3-MeOH, dried to give white crystal powder in 46.07%; mp 340-343 °C .FTIR (KBr) 3410 cm-1 (OH); 3055 cm-1 (C-H); 1620 and 1481 cm-1 (Ar); 2955 and 2870 cm-1 (C-H); 1481 cm-1 (CH2); 1366 cm-1 (CH3); 1204 cm-1 and characterized 1H-NMR (400 MHz, DMSO) can be identified by peaks at  δ 7,1757 ppm Ar-H; δ 4,3841 ppm Ar-CH2-Ar proton H axial; δ 3,5124 ppm Ar-CH2-Ar proton H equatorial; δ 10,3367 ppm Ar-OH and C(CH3)3 at δ 0,67; 3,09; 0,71 ppm
[bookmark: _c6qinygoe12t][bookmark: _Hlk87389690]Synthesis of 5,11,17,23-tetra-(t-butyl)-26,27,28-tribenzoyloxycalix[4]arene (TBMTCA)
[bookmark: _we55u53bcdto]Synthesis of TBMTCA: 5,11,17,23-tetra-(t-butyl)-25-monohydroxy-26,27,28-tribenzoyloxy-calix[4]arene (TBMTCA)  was  synthesized according [22-23], procedure. mixing 1,5 grams (2,32 mmol) of the TBCA in dry CHCl3 (30 mL), and pyridine (1.35 mmol), inserted benzoyl chloride (0.95 mL; 8 mmol) in dry CHCl3 (30 mL) it was slowly. The mixture is stirred at room temperature for 3 hours. The solvent on the mixture is then to be washed in vacuo and is rinsed with aquadest and extracted with diethyl ether. Crude products are being crystallized with CHCl3-MeOH, dried to give yellow-brown powder in 94,3%; mp 306-310°C.FTIR (KBr) 3232 cm-1 (-OH), 3054 cm-1 (Csp2-H), 1605 cm-1 (C=C aromatic), 1750 cm-1 (ester C=O), 2870 cm-1 dan 2955 cm-1(Csp3-H), 1458 cm-1(-CH2-) dan 1204 cm-1 (C-O enter), and characterized 1H-NMR (400 MHz, DMSO): Partial benzoylation can be identified by peaks at δ 7.0-8.2 ppm (m, 15H, PhC=O) and δ 10.3370 ppm (s, 1H, Ar-OH). The peaks of other protons identified include two doublets at δ 4,37-δ 4,35 and 3,51-3,48 ppm from the H axial and equatorial methylene bridge, the peak of the singlet at δ 1.25 ppm from the proton group C(CH3)3/ (t-butyl), and several aromatic proton peaks were identified in the region of δ 7.0-8.2 ppm (δ 7.04 ppm (m, 4H, phenyl, J 7-10 Hz), δ 7.17 ppm (s, 8H, Ar-H, J 7-10 Hz), δ 7.33 ppm (t, 2H, phenyl, J 7-10 Hz),), δ 7.47 ppm (t, 4H, phenyl, J 7-10 Hz), δ 7.60 ppm (t, 2H, phenyl, J 7-10 Hz), δ 8,10 ppm (d, 3H, phenyl, J 7-10 Hz)
[bookmark: _bwrzj4spjtv5]Effect of pH of Pb2+ cation solution
Prepared sample solutions of 10 mL each with a variation of pH 3; 4; 5; 6 and added to a 20 ml glass bottle and with 5 mg adsorbent. All are stirred with a magnetic stirrer for 180 minutes. Then filtered and filtrate analyzed with Atomic Absorption Spectrophotometry (SSA)

[bookmark: _p4c3z9uuwxy7]Effect of exposure time 
The solution containing Pb2+ cations and the solution were conditioned as much as 10 mL at pH=5. inserted into a 15 mL bottle containing 10 mg adsorbent. Then stir using a magnetic stirrer with a time variation of 10, 20, 30, 90, 180, 240 minutes. Then filtered and analyzed with SSA
[bookmark: _m9yvuojdiavk]Effect of initial Pb2+ cation concentration
Several 10 mL Pb2+ cations were prepared at pH 5 with a variety of concentrations of 8, 16, 20, 24, and 30 ppm into a 15 mL glass bottle containing 10 mg of adsorbent. Then stirring using a magnetic stirrer according to the optimum exposure time. Then filtered and filtrate determined using SSA
[bookmark: _ec6hqf2f0vid] Adsorption kinetics
The tb-calix[4]arene derivatives (TBMTCA) and tb-calix[4]arene (TBCA), (10 mg) was added into 10 mL of Pb2+ cation sample solution with concentration of 8 ppm (8 mg/L) for each. The adsorption kinetics was studied by conducting the adsorption experiments in various exposure time, which were 2,4,8,20,100, and 180 minutes Concentrations of Pb2+ cation before and after adsorption than filtered and filtrate were determined using by SSA.
[bookmark: _lqsnvl2adey4]Adsorption isotherm models
The adsorption processes were performed by stirring 10 mg of the tb-calix[4]arene derivatives (TBMTCA) and tb-calix[4]arene (TBCA) with 10 mL of Pb2+ cations sample solution having a concentration of  4, 8, 12, 16, and 20 mg/L at room temperature and the optimum pH and exposure time. Then, the adsorbed metal ion was measured based on the concentration of Pb2+ cation before and after adsorption then filtered and filtrate determined using by SSA
[bookmark: _ia004ufs4hq]RESULTS AND DISCUSSION
[bookmark: _b4dpqb8cusw3]Effect of pH
At low pH values or acidic conditions, the solution contains large amounts of proton ions, resulting in protonation of the hydroxyl groups on TBCA, and TBMTCA adsorbent, and the carbonyl group on TBMTCA adsorbent as an active group to bind metal ions. Protonated TBCA and TBMTCA adsorbent species have low electron densities, thereby reducing the ability of TBCA, and TBMTCA adsorbent to bind Pb2+ cations and even result in a repulsion effect with Pb2+ cations so that the adsorption price becomes low, increasing the pH value to a certain point can increase the adsorption of metal ions because it reduces the inactivation of active groups by H+ ionic or protons. The effect of pH on the adsorption of Pb2+ cations to the adsorbent was carried out by varying the initial pH of the solution of Pb2+ cations in the pH range of 3 - 6. Other parameters such as concentration and time are made constant Pb2+ cations concentrations were analyzed using SSA.
The ability of adsorbents in adsorption Pb2+ cations are strongly influenced by the pH of the solution. In this case, the hydroxyl groups in the adsorbent is a weak Bronsted-Lowry acid with a pKa for the first deprotonation of 4.11 [25], however, it can also act as a Lewis base because it has free electrons that can be donated to a Lewis acid in other words, at pH<pKa the one hydroxyl groups in the adsorbent can be protonated to produce a positively charged adsorbent surface [8]. The Pb2+ cations adsorption process will decrease because both have a positive charge. Conversely, if pH > pKa, one or more hydroxyl groups can be deprotonated to produce a negatively charged adsorbent surface thereby increasing interaction with positively charged Pb2+ cations.  At low pH or acidic atmosphere, the solution contains H+ ions in large quantities resulting in protonation of the hydroxyl groups on the adsorbent and the carbonyl groups on the adsorbent as the active group of Pb2+ cations binding [26 - 27]. This protonated adsorbent species has a low electron density thereby reducing the ability of the adsorbent to bind Pb2+ cations. The positive charge on the protonated hydroxyl and carbonyl groups in the adsorbent even results in a repulsion effect with Pb2+ cations so that the absorption price is low. Increasing the pH value to a certain point can increase the adsorption of Pb2+ cations because it reduces the inactivation of the active group by the H+ ions. However, at higher pH, most of the Pb2+ cations are hydrolyzed and coagulated due to the formation of various hydroxides (PbOH+ / Pb(OH)2/ Pb(OH)3- so that the adsorption is lower [2].
[bookmark: _lj454sogd03]Effect of exposure time
[bookmark: _Hlk87470207][bookmark: _Hlk87256221]The study of the effect of exposure time on the adsorption of Pb2+ cations to the adsorbent is carried out by observing the time needed to reach the adsorption equilibrium point at the optimum pH until the equilibrium time is known (the adsorbent becomes saturated). The results of investigations on the effect of exposure time, then the adsorption of Pb2+ cations to the adsorbent are shown in Figure 1. 
[bookmark: _qytw44vkt2ry]Effect of exposure time on the adsorption of Pb(II) cations onto TBCA and TBMTCA
[bookmark: _Hlk87254242][bookmark: _Hlk87254600][image: ][image: ]The effect of exposure time on the adsorption of Pb2+ cations on TBCA and TBMTCA was carried out by observing the time required to reach the adsorption equilibrium point. To do this, the exposure time between the ionic solution and the adsorbent was varied in the range of 0-240 minutes (known (the adsorbent became saturated). Based on observations, the optimum contact (0, 10, 20, 30, 90, 180, and 240 minutes) at the optimum pH until the equilibrium time for Pb2+ cations adsorption was 90 minutes on TBCA and TBMTCA (Figure 1). As for TBCA and TBMTCA, the optimum time for Pb2+ cations absorption is 30 minutes with the number of Pb2+ cations adsorbed at 13.60 L/mol and 10.21 L/mol respectively.
 
 
 

 
 

Figure 1. Effect of exposure time Pb(II) cations adsorption on (a) TBCA, and (b) TBMTCA
From Figure 1, it can be observed that in the early minutes (t = 10-30 minutes) an increase in the number of ions adsorbed. This happens because the active groups (OH groups) on the surface of TBCA have not interacted with metal ions until the optimum time (t=30 minutes) where the active groups on the surface of TBCA have been saturated and the change in the number of metal cations adsorbed is no longer significant. also occurred in the absorbance of Pb2+ cations at TBMTCA with an optimum time of 90 minutes.
[bookmark: _iq5yng60cd2b]Adsorption kinetic models 
The adsorption kinetics of Pb2+ cations was studied based on the kinetic formulation proposed by Lagergren and Ho models. The kinetic approach used is to calculate the change in time required for the adsorption process. In Lagergren kinetic formulation [29], adsorption is seen as a pseudo-first-order reaction that follows the equation (1):
                         	                 	                                                   equation (1)
[bookmark: _Hlk87469655]where qe is the total mass of metal adsorbed (mg. g-1), qt is the mass of metal adsorbed at time t (mg/g), and k1 is the pseudo-1nd order Lagergren rate constant (minutes-1)
The adsorption kinetics can be determined as a pseudo-second-order reaction which is often known as the kinetic equation Ho in equation (2). In this Ho equation, Ho assumes that the adsorption kinetics is seen as following the second-order mechanism model which can be interpreted that the rate of adsorption kinetics (Figure 2) is the square of the adsorbate concentration. The pseudo-2nd order equation (2) Ho can be written as follows:
                                                                                                       equation (2)
 where k2 is a pseudo-second order rate constant (g.mg-1.min-1)
[image: ][image: ]









Figure 2. (a and b) Pseudo-1nd order kinetic for Pb2+ adsorption on the TBMTCA pseudo-2nd order kinetic for Pb2+ adsorption on the TBMTCA
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[bookmark: _Hlk87473244]


 

Figure  3. Structure of the (a). TBCA, (b). TBMTCA
[bookmark: _oopt07afpcy2]Adsorption kinetics models
The Lagergren kinetic model has a value of R2 almost to 1 then the Ho-McKay kinetic model so that the curve with the linearity of the Lagergren kinetics model is higher than the Ho-McKay [28 - 29], kinetics model with the Pb2+ cation. The adsorption rate constant for the Pb2+ cations can be determined through the Lagergren kinetic model as a sloping approach, a magnitude of 6.91x10-3 (minute-1) (Table 1). The results of an investigation into the effect of variations in the concentration of Pb2+ cations, versus the concentration of adsorbed metal cations are presented in Figure 4, seen at a low concentration from 8 ppm then the concentration of metal cations adsorbed is also small because of the number of Pb2+ cations. Then the number of metal cations that can be adsorbed will increase according to the increase in Pb2+ cations
[image: ][image: ]
 
 
 


Figure  4.  Effect of initial adsorbate concentrations Pb2+ cations on TBCA and TBMTCA
Table 1. Kinetic Parameters Adsorption Pb2+ cations into TBCA and TBMTCA.
	[bookmark: _Hlk77255272]Adsorbent
	Kinetic Models*
	Pb2+ cations

	
	
	R2
	k

	TBCA
	Lagergren
	0,836
	6,91×10-3 min-1

	
	Ho-McKey
	0,957
	143×10-3 g mg-1 min-1

	TBMTCA
	Lagergren
	0,843
	6,91×10-3 min-1

	
	Ho-McKey
	0,673
	3×10-3 g mg-1 min-1


                              




The bonding Pb2+-TBCA [17] and Pb2+-TBMTCA material is an adsorbent an excellent host for Pb2+ cations. In the adsorption of the Pb2+ cations onto 5,11,17,23-tetra(t.butyl)-25-monohydroxy-26,27,28-tribenzoyloxycalix[4]arene (TBMTCA) trending kinetics Lagergren models, with constant values adsorption rate k=6.91x 10-3 (min-1). The results of observations of the adsorption isotherm, that the adsorption for the Pb2+ cation tends to follow the Langmuir isotherm. The adsorption capacity of Pb2+ cations onto TBCA and TBMTCA was the optimum adsorption capacity for the Pb2+ cations is 137.29 mg/g and 128.46 mg/g, with adsorption energy of 6.51 kJ/mol and 5.81 kJ/mol, respectively. This is in the previous assumption which states that the interaction of Pb2+ cations with the TBMTCA or p-tert-butyl-tribenzoyloxycalix[4]arene and TBCA [17] or p-tert-butyl-tetra-hydroxycalix[4]arene compounds can be viewed as a chemical adsorption process. This is because TBMTCA compound has active sites in the form of hydroxyl groups (-OH) and ester groups (-COOPh) that can interact with Pb2+ cations, while TBCA compounds have activities in the form of hydroxyl a few compounds, which means that the adsorption process only occurs chemically. From Table 1. above it can be seen that the maximum adsorption capacity of Pb2+ uses the HSAB concept Pb2+ cations is an intermediate acid. In the HSAB concept, a soft acid will bind to a soft base, while a hard acid will bind to hard base.   The active ester site on the adsorbent is the -COOPh group which is a hard base, so -COOPh will be more stable to bind to interaction with metal cations which are hard acid. While the Pb2+ cations is an intermediate acid and -COOPh in the TBMTCA compound is a hard base so it can be said that the bonding is less stable, while the -OH in the TBCA compound is a soft acid and Pb2+ cations is an intermediate base so it can be said that the bonding is more stable bonding to Pb2+ cations.
[bookmark: _bg32qrzfe3o4]Kinetic adsorption of Pb(II) cations onto TBCA and TBMTCA
Experimental data on the effect of contact time on Pb2+ cations adsorption on TBCA and TBMTCA were used and further analyzed to find the absorption kinetics model. The kinetic models that will be used are the Lagergren kinetic model (pseudo-1nd order) and the Ho-McKay kinetic model (pseudo-2nd order). To find a suitable model, the available data is processed and plotted into a straight-line equation of each kinetic model. The kinetic model with a correlation coefficient close to 1 is the most suitable model to be used in explaining the adsorption mechanism that occurs. In this study, the correlation coefficient (R2) is obtained from linear regression between log(qe-q) versus t (Lagergren kinetic model) and t/q versus t (Ho-McKay kinetic models) where qe (mmol.g-1) is the number of metal ions absorbed at the equilibrium point at time t and q (mmol.g-1) is the initial metal ion concentration. The adsorption rate constant is also calculated using the slope or intercept of the corresponding kinetic model equation (pseudo-2nd order).
[image: ][image: ] 
 
 
 
 
 
 
Figure  5. The curve of Pb2+ adsorption on TBCA, based on Lagergren and Ho-McKay
[bookmark: _Hlk87256800]The results of the adsorption data analysis of Pb2+ cations on TBCA showed that the most suitable adsorption kinetics model was the Ho-McKay kinetic model (R2=0.957) with an absorption rate constant (k) of 143×10-3 g.mg-1 min-1. In the system with TBMTCA as the adsorbent, the adsorption of Pb2+ cations tended to have a higher correlation with the Lagergren kinetic model (R2=0.843) with an absorption rate constant (k) of 6.91×10-3min-1. Details of the equations and the adsorption kinetics data of the two systems can be seen in Figure 5. and Figure 6.
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Figure  6.  The curve of Pb2+ adsorption on TBMTCA, based on Lagergren and Ho-McKay
[bookmark: _l5mmguvecj8v]Adsorption isotherm of Pb(II) cations on TBCA and TBMTCA  
The Freundlich adsorption isotherm was obtained assuming a heterogeneous surface with non-uniform distribution of the adsorption heat over the surface. Meanwhile, in the Langmuir adsorption isotherm, then the assumption is that the absorption takes place at a specific homogeneous site in the adsorbent. The mathematical equation of the Langmuir adsorption isotherm is:
                                                                          	                                      equation (3)	

where K is the adsorption equilibrium coefficient (L/mol), Xm is the adsorption capacity value (mol/L), Ce is the adsorbate concentration in equilibrium (mol/L) and qe is the amount of adsorbate adsorbed on the adsorbent (mol.g-1). The mathematical equation of the Freundlich isotherm can be written as follows: 
   equation (4)                                                    
where qe is the number of grams adsorbed per gram of adsorbent, Ce is the concentration at equilibrium, while k and n are constants
 The adsorption isotherm can be explained based on data obtained from the Pb2+ cations values which can be adsorption at variations in the initial concentration of Pb2+ cations as in Figure 7 and figure 8.  Langmuir and Freundlich isotherm models
Table 2.  Parameters of Langmuir and Freundlich isotherm models
	[bookmark: _Hlk87125799]Adsorbent
	Metal
	Langmuir isotherm 
models
	Freundlich isotherm models

	
	
	Xm
(mol g-1)
	K
(L mol-1)
	Eads
(kJ mol-1)
	R2
	n
	k
	R2

	TBCA 

TBMTCA
	Pb2+ 

Pb2+ 
	137.29 

128.46
	13.60 

10.21
	6.51 

5.81 
	0.971

0,982
	0.330

0,431
	0,002

0,008
	0.628

0,960


[image: ][image: ]The adsorption isotherm was determined using data on the concentration of metal cations adsorbed at equilibrium points at various initial concentrations of metal cations. The adsorption isotherm in this study was analyzed using the Langmuir isotherm model (Ce/qe = 1/(K.Xm) + Ce/Xm) and Freundlich (log qe = log K + 1/n.log Ce) where qe is the number of metal cations presents adsorbed at equilibrium (mmol/g), Ce as the concentration of metal cations in solution at equilibrium (mmol/L), Xm as maximum adsorption capacity (mmol/g), and K as adsorption constant can be seen in Figure  7. and Figure  8.





[image: ][image: ]Figure 7. Curve Pb2+ adsorption on TBCA based on Langmuir and Freundlich





Figure 8.  Curve Pb2+ adsorption on TBMTCA based on Langmuir and Freundlich
 The adsorption isotherm analysis of each Pb2+ cations in TBCA (Figure 7), showed that the adsorption pattern of the two metal ions was more in line with the Langmuir isotherm adsorption model (R2Pb(II) = 0.971) than the Freundlich model (R2Pb(II) = 0.628). These results indicate that Pb2+ cations adsorbed on TBCA tend to form a monolayer on the TBCA surface. In addition, it can also be assumed that maximum adsorption occurs when the interaction between all active groups (hydroxyl groups) on TBCA and Pb2+ cations forms a single layer with adsorption energy for each cation of 5.81 kJ/mol. Pb2+ cations adsorption is also more by the Langmuir isotherm model (R2Pb(II) = 0.982) so that it has the same adsorption mechanism with adsorption energy for each cation of 6.51 kJ mol-1. The parameters obtained from observations on the Langmuir and Freundlich isotherms are presented in TBMTCA (Figure  8), can be explained that the adsorption pattern of Pb2+ cations, refers to the Langmuir isotherm adsorption models. In adsorption it means that it occurs in one layer (monolayer), with the adsorption pattern following the Langmuir adsorption, it can be assumed that the maximum adsorption occurs in all active sites (OH groups and C=O groups). The amount of adsorption energy between Pb2+ cations is 6.51 kJ/mol (Table 2). it can be seen that the maximum adsorption capacity of Pb2+ cations can be explained based on the HSAB concept Pb2+ cations is hard medium acid and has a small radius value. In the HSAB concept, intermediate acids will interact with soft acids, and hard acids will interact with hard bases [26 - 27]. The active site in the adsorbent is the OH group and the C=O group is a hard base, so the OH and C=O groups will be less stable to interact with the Pb2+ cations which is an intermediate acid group. The parameters obtained from observations on the Langmuir and Freundlich isotherms are presented in Table 2, can be explained that the adsorption pattern of Pb2+ cation, refers to the Langmuir isotherm adsorption models. In adsorption it means that it occurs in one layer (monolayer), with the adsorption pattern following the Langmuir adsorption, it can be assumed that the maximum adsorption occurs in all active sites (OH groups and C=O groups). From Table 2, the optimum exposure time of Pb2+ cations is 30 minutes and the amount of Pb2+ cations adsorption by adsorbent TBCA and TBMTCA is 137.29 mol/g and 128.46 mol/g. Determination of the desorption kinetics rate can be done based on the time of interaction to reach the adsorption equilibrium state. General indicators for predicting the adsorption rate are the reaction rate (k) and the correlation coefficient (R2).  The adsorption isotherm parameters data of Pb2+ cations in TBCA and TBMTCA are briefly tabulated in Table 1; 2 as a comparison for adsorption studies presented in Table 3.
Table 3. Comparative of Pb2+ adsorption in (Moradi1) [20]; Handayani2) [24]; Busroni3) [18])
	Adsorption Study
	Adsorption Kinetic Study

	Adsorbent
	pH Optimum
	Contact time
(minit)
	Isotherm Adsorption
	Kinetic Models

	Pb2+ -TBCA1)
	6.0
	10
	Intra-particle diffusion
	Pseudo-2nd order

	Pb2+-Poly-Calixarene2)
	4.0
	180
	Freundlich
	Ho-McKay

	Pb2+-TBCA3)
	5.0
	30
	Langmuir
	Ho-McKay

	Pb2+-TBMTCA3)
	4.0
	90
	Langmuir
	Lagergren



CONCLUSION 
[bookmark: _Hlk87259469]The optimized conditions obtained were pH of 5, and exposure time of 90 minutes its TBCA and TBMTCA adsorbent for Pb2+ cations, respectively. A study of the kinetic model showed that Pb2+-TBCA and Pb2+-TBMTCA cations followed the Ho-McKay kinetics models and Lagergren kinetic models with an adsorption rate constant of 143×10-3 g mg-1 min-1 and 3×10-3 g mg-1 min-1 respectively, Pb2+ cations adsorption onto adsorbent of TBCA and TBMTCA was consistent with Ho-McKay kinetics models (pseudo-2nd order)  and  Lagergren kinetic models (pseudo-1nd order), Adsorption isotherm study showed that Pb2+ cations adsorption for both Pb2+-TBCA and Pb2+-TBMTCA cations were consistent to Langmuir isotherm. The maximum adsorption capacity for Pb2+-TBCA and Pb2+-TBMTCA both adsorptions Langmuir isotherm models were 137,29 and 128,46 mol g-1, respectively. Adsorption energy for Pb2+-TBCA and Pb2+ -TBMTCA interactions were   6.51 k J/mol and 5.81 kJ/mol respectively.
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