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Abstract
The adsorption capacity of bio adsorbent, prepared from Hyptissuaveolens (VilaytiTulsi), for Rhodamine 6G removal from aqueous solution was investigated in the present study. The effect of ph, initial dye concentration, time, adsorbent dosage and temperature was investigated. The present adsorption follows pseudo second order kinetics. Langmuir isotherm and Freundlich isotherm was used for present study. The maximum adsorption capacity under optimum condition was found to be 48.78 mg g-1. The thermodynamics study shows endothermic, spontaneous adsorption process.
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1. Introduction
Different chemical material were used in various industrial processes. Dyes are the mostly used organic chemical in the industries such as paper and pulp, lather, textile etc. Residual part of dyes comes in effluent of such industries creating environment problem [1, 2]. Most of the organic dyes are highly toxic and carcinogenic [3-5]. The presence of dyes can seriously affect the light penetration and damage the aquatic life [6]. There are different methods available for removal of hazardous dyes such as photo degradation and photo catalysis [7-10], electrochemical degradation [11], bio degradation [12, 13], chemical coagulation and adsorption. Among all adsorption have been the most common method employed for dye removal [14-16]. Activated carbon is the most suitable adsorbent but it is quite expensive so alternate cheaper adsorbent is a need [17-18]. 
Literature survey shows that different adsorbent have been reported for dye removal some of them are nanomaterials [19] such as magnetite@graphene oxide [20] Carbon nanotubes [21], CoFe2O4/rGO nanocomposite [22] while some are prepared from natural material such as Moroccan natural phosphate [23], activated carbon prepared from Prosopisspicigera L. wood [24], rice husk [25, 26], Clitoriafairchildiana pods [27], Prunusamygdalus L. [28] etc.
Rhodamine 6G is a fluorescent basic dye mainly used to coloured wool, cotton, silk etc. It is toxic and carcinogenic in nature [8, 29], so this dye was selected for present study.
2. Experimental
2.1Preparation of Adsorbent
Fully grown plants of Hyptissuaveolens (VilaytiTulsi) were collected around Vaijapur city. The steams and braches were cut into small pieces, washed with distilled water for 2-3 times, dried under shed. The adsorbent was prepared as per the procedure mentioned in our earlier publication [30].
2.2 Preparation of sorbet
Rhodamine 6G (Rh 6G), a cationic dye supplied by LobaChem India with Colour Index (C.I.) 45,160 and molecular formula C28H31N2O3Cl was used for present study. A stock solution of 1000 mg L-1 was prepared by dissolving accurately weigh dye quantity in double distilled water. Dilution with double distilled was carried out to get desired experimental concentration.
2.3 Adsorption Studies
For adsorption studies, in 250 mL stoppered glass bottle 50 mL dye solution of desired concentration and pH was taken at room temperature. 0.1 g adsorbent was added, the solution was stirred by mechanical shaker. At predetermined time interval, the small fraction were withdrawn, the dye solution was separated from adsorbent by centrifugation at 4,000 rpm. The absorption of supernatant solution was measured. The standard curve of dye was prepared with 1-9 mgL-1 solution at 526 nm using Elico double beam spectrophotometer SL-210. 0.1 M HCl and 0.1 M NaOH was used to control initial pH. Different adsorbent dosage (0.05 to 0.3 g) and 50 mL of 50 mgL-1 dye solution was shaken for 30 min to study effect of adsorbent dosage. Effect of temperature was studied by adding 0.1 g adsorbent in 50 mL dye solution of 25 mgL-1, 50 mgL-1, 75 mgL-1 and 100 mgL-1 concentration at 313, 323 and 333 0K in thermostat rotatory shaker. The following equation was used to determine the solid phase dye concentration at time.
						(1)
whereqt is adsorption amount at time t, Co and Ct are dye concentration initial and at time t in mg L-1 respectively, V is volume of solution in L and W is weight of adsorbent in g. The adsorption capacity of adsorbent was determined by using Langmuir and Freundlich isotherm.
3 Results and Discussion
3.1 Effect of pH
Initial pH of the dye solution is the most dominant parameter that affect the adsorption capacity of the adsorbent [31]. The initial pH of solution affect the adsorption procedure as it affect the ionization of dyes and adsorbent surface [14]. To study the effect of pH, 50 mL solution of 50mg L-1 dye concentration was shaken with 0.1g adsorbent for 30 min. An increase in pH from 4 to 7.5 increases the adsorption of Rhodamine 6G (16.14 to 20.19 mg g-1) further increase in pH from 7.5 to 10 slightly decreases the adsorption. The optimum pH is 7.5. Fig.1 shows the effect of pH on adsorption.

Fig 1. Effect of pH on dye removal
3.2 Effect of Adsorbent dose
To test the effect of adsorbent dose, 50 mg L-1 dye concentration was stirred with varying adsorbent amount (0.05 to 0.3 g) at optimum pH for 30 min. the result was shown in Fig.2. It has been observed that due to increase in adsorption site the % removal of dye increases but unit adsorption was decreased from 39.7 mg g-1 to 7.18 mg g-1 as amount of adsorbent was increased from 0.05 g to 0.3 g.

Fig. 2 Effect of Adsorbent dose
3.3 Effect of dye concentration
To study the effect of initial dye concentration, 50mL dye solution with varying concentration (25 mg L-1 to 100 mg L-1) was stirred with 0.1 g adsorbent at optimum pH (7.5). The results are shown in Fig.3, as the initial dye concentration increases the percentage removal of dye decreases, but the unit adsorption increases from 10.27 mg g-1 to 48.72 mg g-1.  

Fig. 3 Effect of initial dye concentration on adsorption
3.4 Adsorption dynamics 
3.4.1 The pseudo first order kinetic model
The pseudo first order kinetic model expression is given by Lagergren [32] as follows 
					(2)
Where qt and qe are amount of dye adsorbed at time t and equilibrium, respectively k1 is the rate constant. Fig. 4 shows the Lagergren pseudo first order plot for adsorption of Rh 6G at various initial concentration. The values of k1 and qe were calculated from slope and intercept from plot of log (qe-qt) versus t and represented in table1. The experimental data with Lagergren pseudo first order plot provide poor correlation coefficient (R2) values similar inapplicability was also observe by Lata et al [33]. 

Fig. 4 The pseudo first order kinetic
3.4.2 The pseudo second order kinetic model
The pseudo second order Lagergren equation is expressed as [34]
						(3)
Plot of t/qtversus t was shown in the Fig.5. From the slopes and intercepts, values of equilibrium adsorption capacity (qe) and second order rate constant (k2) were determined and expressed in table 1. From the values of regression coefficient it can be concluded that the present system follows pseudo second order Lagergren model. The adsorbent and adsorbate both affect the adsorption process of present study [35].

Fig. 5 The pseudo second order kinetic


Table 1 Rate constants for pseudo first-order and pseudo second-order adsorption
	Conc.
C0 (mg L-1)
	pseudo first-order
	pseudo second-order

	
	qe (mg g-1)
	K1 (min-1)
	R2
	qe (mg g-1)
	K2 (min-1)
	R2

	25
	2.186
	0.0476
	0.9244
	10.537
	0.0472
	0.999

	50
	1.7290
	0.0536
	0.9680
	24.390
	0.2302
	1

	75
	5.2432
	0.0391
	0.9612
	36.363
	0.5817
	1

	100
	13.749
	0.0244
	0.9124
	48.780
	1.4008
	1



3.5 Adsorption equilibrium study
Two isotherm, Langmuir isotherm and Freundlich isotherm was used for present study.
3.5.1 Langmuir isotherm
Langmuir isotherm is represented by following equation [36]
						(4)
Where qe is the amount adsorbed at equilibrium (mg g-1), Ce is the equilibrium dye solution concentration (mg L-1), qm is Langmuir constant (related to adsorption capacity) (mg g-1) and b is Langmuir constant (related to energy of adsorption) (L mg-1). Fig 6 shows plot of Ce/qe versus Ce, the isotherm parameters are given in table 2. 

Fig 6 Langmuir isotherm
3.5.2 Freundlich isotherm
Freundlich isotherm is represented by following equation [36, 37]
					(5)
Where kf is adsorption capacity, n is adsorption intensity, Ce is equilibrium dye concentration in solution and qe is equilibrium dye concentration in solid. Fig 7 shows plot of log qe versus log Ce, the isotherm parameters are given in table 2. 

Fig 7 Freundlich isotherm
A dimensionless constant called as equilibrium parameter or separation factor RL can be an essential parameter for Langmuir model is given by following equation [36, 38] 
						(6)
Where b is Langmuir constant (related to energy of adsorption) (L mg-1), C0 is initial dye solution concentration mg L-1. In the present study the value of RL (table 2) lie in between 0 to 1 indicate favourable adsorption.
Table 2 Langmuir and Freundlich isotherm parameter
	Temp (0 K)
	Langmuir isotherm parameter
	Freundlich isotherm parameter

	
	qm (mg g-1)
	b (L mg-1)
	RL
	R2
	n
	kf (mg g-1)
	R2

	313
	205.9927
	0.0149
	0.7280
	0.9810
	1.1798
	3.3500
	0.9998

	323
	199.4389
	0.0155
	0.5626
	0.9620
	1.1285
	3.2494
	0.9999

	333
	297.9671
	0.0096
	0.5809
	1.0000
	1.1260
	3.412
	0.999



 3.6 Effect of temperature
In the present study, increase in temperature increases dye removal percentage. Thermodynamic parameter were determined by using following equation.
						(7)
Where Csolid is equilibrium solid phase concentration (mg L-1), Cliquid is equilibrium liquid phase concentration (mg L-1) and K0 is equilibrium constant. Gibb’s free energy (ΔG) is represented by following equation 
						(8)
Where K0 is equilibrium constant, R is gas constant and T is temperature in Kelvin. The Van’t Hoff equation is represented by following equation.
					(9)
Fig. 8 represent plot of log K0 versus 1/T, from the slope and intercept of this Van’t Hoff plot the values of ΔH and ΔS were determined and represented in table 3.

Fig 8 log K0 versus 1/T
The value of ΔG is -19.69 to -24.84 (kJ mole-1), ΔH is 14.06 (kJ mole-1) and ΔS is 59.49 (J K-1 mole-1). On the basis of enthalpy ΔH, the adsorption process can be of three type [39]
i) Chemical adsorption (80 ˂ ΔH ˂ 450 kJ mole-1)
ii) electrostatic interaction ( 20 ˂ ΔH ˂ 80 kJ mole-1)
iii) physical adsorption ( ΔH ˂ 20 kJ mole-1). 
The positive value of ΔH indicate an endothermic process. The negative value of ΔG indicate spontaneous and favourable adsorption process. The positive value of ΔS indicate increase in randomness of water molecules surrounding the dye molecules.
Table 3 Thermodynamic parameter of adsorption 
	Temp (0 K)
	ΔG
(kJ mole-1)
	ΔH
(kJ mole-1)
	ΔS
(J K-1 mole-1)

	313
	-19.69
	14.06
	59.49

	323
	-22.58
	
	

	333
	-24.84
	
	



4 Conclusion
Bio adsorbent prepared from Hyptissuaveolens (VilaytiTulsi) was used to study removal of Rhodamine 6G from aqueous solution under different experimental condition. It has been observed that under optimum condition 48.78 mg g-1 dye can be removed from aqueous solution using the bio adsorbent. The pseudo second order kinetic model was best suited for the present study. Adsorption equilibrium study shows that both Langmuir isotherm and Freundlich isotherm fits for the present study, shows mono layer adsorption process. Thermodynamic study indicate an endothermic, spontaneous adsorption process. This result shows that bio adsorbent prepared from Hyptissuaveolens (VilaytiTulsi) can be used as a low cost adsorbent for the removal of Rhodamine 6G.
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ln K


qe	4	5	6	7.5	8	8.5	9	10	16.14845938375349	16.176470588235286	17.99719887955181	20.19719887955182	20.154061624649881	19.957983193277311	19.817927170868348	19.677871148459406	pH

qe mg L-1


qe	0.05	0.1	0.15000000000000008	0.2	0.25	0.30000000000000016	39.700280112044815	20.19719887955182	13.672082166199814	10.449579831932773	8.491652661064423	7.1863678804855304	Amount of Adsorbant (g)

qe mg L-1


25 mg/L	5	10	15	20	25	30	60	8.7501400560224152	8.8512605042016848	9.1736694677871142	9.3044817927170875	9.5327731092436974	9.8344537815126039	10.27058823529412	50 mg/L	5	10	15	20	25	30	60	23.963899999999985	23.973849999999985	24.090549999999979	24.176950000000016	24.219850000000012	24.242399999999982	24.362449999999978	75 mg/L	5	10	15	20	25	30	60	36.216100000000012	36.235400000000013	36.25705	36.2898	36.303750000000001	36.305700000000002	36.369900000000001	100 mg/L	5	10	15	20	25	30	60	48.648350000000022	48.668350000000039	48.672050000000013	48.675550000000023	48.68045	48.683700000000002	48.720050000000022	Time (Min)

qe mg L-1



25 mg/L	5	10	15	20	25	30	0.18197162287550572	0.15208268817847753	4.0174467018906902E-2	-1.4975021744803222E-2	-0.13205244548642886	-0.360379603544073	50 mg/L	5	10	15	20	25	30	-0.39951718653404139	-0.41049720373623599	-0.56559079241249666	-0.73165608604894139	-0.84588047448415971	-0.92063783560694423	75 mg/L	5	10	15	20	25	30	-0.81304366453457733	-0.87127771566156464	-0.94749843658621302	-1.0963674839157544	-1.179470151476478	-1.1924649719311504	100 mg/L	5	10	15	20	25	30	-1.1444808443322017	-1.2865094569060849	-1.3187587626243964	-1.3516399890190745	-1.4023048140744856	-1.4394955848049578	Time (Min)

Log (qe-qt)







25 mg/L	5	10	15	20	25	30	60	0.5714194250592225	1.1297825880565846	1.6351145038167947	2.149501761146404	2.6225317348378012	3.0504998718277383	5.8419243986254275	50 mg/L	5	10	15	20	25	30	60	0.20864717345674128	0.41712115492505381	0.62265079045517935	0.82723420447988716	1.0322111821501778	1.2375012375012371	2.4628064911369747	75 mg/L	5	10	15	20	25	30	60	0.13806014452135937	0.27597321955877402	0.4137126434720973	0.55111904722539151	0.6886340942740079	0.82631652880952544	1.649715836447172	100 mg/L	5	10	15	20	25	30	60	0.10277840872300914	0.20547234496341049	0.30818508774543107	0.41088390372579287	0.51355318202687117	0.61622267822700405	1.231525829714871	Time (Min)

t/qt



