Adsorptive removal of Amido black from aqueous solution using low cost adsorbent: Kinetic and isotherm study
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Abstract
In the present study the removal of Amido black 10B from aqueous solution by adsorption on adsorbent prepared from Hyptissuaveolens (vilaytitulsi) is studied. The effect of pH, contact time, dye concentration, adsorbent dose and temperature was investigated. The isotherm study shows that Langmuir isotherm was best fitted for present work. The adsorption follows pseudo-second order kinetic. An increase in temperature decreases the dye removal.   
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1. Introduction
Water is one of the essential parts of human life; due industrialisation and urbanization water pollution becomes a major issue. Large amount of organic pollutant such as dyes, phenols etc. are present in industrial effluents and cause contamination of water. Dyes are one the important organic pollutant present in industrial effluents [1]. Dyes are widely used in textile and leather industries, the effluent of these industries always contain some amount of dyes. Azo dyes are, widely used in textile industries, characterised by –N=N- bond [2]. Amido black 10B is a azo dye used to colour cotton, wool, nylon, rayon etc. [3], it may cause skin and eye irritation, serious damage to respiratory system [4]. Many methods are used to remove dyes from water such as photo catalytic decolourisation [5], microbial degradation [6], precipitation [7, 8] etc. out these technique adsorption is most commonly used technique for dye removal from aqueous solution [9]. Activated carbon is the most widely used adsorbent [10] but cellulose based adsorbent, due to low cost and wide availability, attracted the researcher for their application in dye removal [11]. Various low cost bio adsorbents are reported such as Palm Shell Powder [9], jute fibre[11], rice husk [12], neem saw dust [13] etc. the literature reveals the application of various adsorbents [14,15].
In the present study the adsorptive capacity of adsorbent prepared Hyptissuaveolens was investigated for the azo dye Amido black 10B. The adsorption efficiency of the adsorbent prepared was studied by applying various parameters such as temperature, dye concentration, contact time and adsorbent dose.
2. Experimental
2.1Preparation of Adsorbent
Fully grown plants of Hyptissuaveolens (VilaytiTulsi) were collected from places nearby vaijapur city and cut into small pieces, washed with distilled water, dried under shed. The adsorbent was prepared as per the procedure mentioned in our earlier publication [16].
2.2 Preparation of dye solution
Amido black10 B (AB), was purchased from Loba Chem Pvt. Ltd. Indiawas used for present study. The molecular formula is C22H14N6Na2O9S2, and the maximum absorbance observed at wavelength 618 nm.   A stock solution of 500 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
50mL sorbet solution of predetermined pH and dye concentration was taken in 250 mL stoppered conical flask, 100mG adsorbent was added,and the solution was mechanically stirred. Requisite amount of solution was removed at predetermined time and centrifuge at 2,000 rpm to separate adsorbent from dye solution. 0.1 M HCl and 0.1 M NaOh was used to adjust the initial pH. The sorbet amount remain unadsorbed was determine by measuring absorption of supernatant solution using Elico double beam spectrophotometer SL-210.the adsorption capacity was determined using the Langmuir and Freundlich isotherm.
Equation 1 was used to find the solid phase dye concentration 
						(1)
Where Co is initial dye concentration and Ct is dye concentration at time t in mg L-1, V is volume of solution in L qt is adsorption amount at time t, and W is weight of adsorbent in g. 
3 Results and Discussion
3.1 Effect of pH
The adsorption of ionized dyes on the surface of adsorbent is mainly depend on initial pH rather than final [17]. 0.1 g adsorbent was shaken for 30 min with 50 mL solution of 50mg L-1 dye concentration. It has been observed that the adsorption is not much affected if the pH is varied from 2 to 4, further increase in pH decreases the dye removal. Lower pH favours the adsorption may be due to higher electrostatic attraction between adsorbent surface and dye [17]. As shown in the Fig.1, pH 4 is considered as optimum pH for further studies. 

Fig 1. Effect of pH on dye removal

Fig. 2 Effect of pH on dye removal

3.2 Effect of Adsorbent dose
Amount of adsorbent is one of the main parameter which affect the adsorption, 50mL dye solution with 50 mg L-1 dye concentration was stirred with predetermined amount of adsorbent (0.05 to 0.3 g). The percentage of dye removal increases with increase in amount of adsorbent from 70.94 to 92.50 % but the unit adsorption was decline from 35.47 mg g-1 to 7.70 mg g-1with increase in adsorbent dose amount as shown in Fig 3 and Fig 4 this may be due to increase in the number of vacant adsorption site with increase the amount of adsorbent dose [18].

Fig. 3 Effect of Adsorbent dose

Fig. 4 Effect of Adsorbent dose
3.3 Effect of dye concentration
50 mL solution of optimum pH and predetermined concentration (25 mg L-1 to 100 mg L-1) was stirred with 0.1 g adsorbent, the results are shown in Fig. 5. Initially there was large number of adsorption site are available due which the initial rate of adsorption was fast [19]. The percentage removal of AB decreases with increase in solution concentration but the unit adsorption increases. 

Fig. 5 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 [20] as follows 
					(2)
Where qt and qe are amount of dye adsorbed at time t and equilibrium, respectively k1 is the rate constant..
3.4.2 The pseudo second order kinetic model
The pseudo second order Lagergren equation is expressed as [21]
						(3)
The Fig.4 shows Plot of t/qtversus t. Values of equilibrium adsorption capacity (qe) and second order rate constant (k2) were determined from the slopes and intercepts and represented in table 1. From the table number 1 it has been observed that the present adsorption process was depend on both adsorbent and dye concentration, thus follows pseudo second order kinetic model 

Fig. 6 The pseudo second order kinetic
3.4.2 The intra particle diffusion model
The intra particle diffusion model is expresses as [22]
     						(4)

Where qt is adsorption capacity and kp is intra particle diffusion constant, plot of qt versus t1/2 give the value of kp, as from the R2 value for intra particle diffusion model, the present study does not fits in it
Table 1 Rate constants for pseudo first-order, pseudo second-order adsorption and intra particle diffusion model
	Conc.
C0 (mg L-1)
	pseudo first-order
	pseudo second-order
	Intra particle diffusion

	
	qe (mg g-1)
	K1 (min-1)
	R2
	qe (mg g-1)
	K2 (min-1)
	R2
	Kp (mg/(g min1/2)
	R2

	50
	2.1832
	0.04767
	0.9244
	10.5374
	0.04722
	0.999
	0.1904
	0.961

	75
	1.7290
	0.05365
	0.968
	24.3902
	0.2425
	1.00
	0.0083
	0.9591

	100
	5.2107
	0.03915
	0.9612
	36.3636
	0.5817
	1.00
	0.0125
	0.9771

	125
	13.7499
	0.0244
	0.9124
	48.7804
	1.4009
	1.00
	0.0261
	0.9125




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 [23]
						(4)
Where Ce is the equilibrium dye solution concentration (mg L-1),qm is Langmuir constant (related to adsorption capacity) (mg g-1), b is Langmuir constant (related to energy of adsorption) (L mg-1)and qe is the amount adsorbed at equilibrium (mg g-1).
3.5.2 Freundlich isotherm
Freundlich isotherm is represented by following equation [23]
					(5)
Where n is adsorption intensity, kf is adsorption capacity, qe is equilibrium dye concentration in solid and Ce is equilibrium dye concentration in solution. The isotherm parameters are given in table 2. 

Table 2 Langmuir and Freundlich isotherm parameter

	Temp (0 K)
	Langmuir isotherm parameter
	Freundlich isotherm parameter

	
	qm (mg g-1)
	b (L mg-1)*103
	R2
	n
	kf (mg g-1)
	R2

	313
	24.69
	16.63
	1
	151.51
	13.77
	0.9977

	323
	24.44
	17.85
	1
	158.73
	24.59
	0.9973

	333
	24.09
	20.00
	1
	166.66
	24.60
	0.9972



4 Conclusion
Adsorptive removal of Amido black 10B was studied on Bio adsorbent prepared from Hyptissuaveolens (VilaytiTulsi). The present study follows the pseudo second order kinetic model and the Langmuir isotherm model was most applicable to present study. The low pH and low temperature favours the adsoption of Amido black 10B from aqueous solution. The adsorbent prepared from Hyptissuaveolens (VilaytiTulsi) can be used as a low cost adsorbent for the removal of Amido black 10B. 
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25mg/L	5	10	15	20	30	60	100	69.92258064516129	72.219354838709648	73.651612903225811	75.2	76.335483870967749	80.361290322580601	81.70322580645157	50mg/L	5	10	15	20	30	60	100	74.122580645161278	74.767741935483826	75.2129032258065	76.696774193548308	78.599999999999994	80.451612903225822	81.812903225806465	75mg/L	5	10	15	20	30	60	100	63.823655913978513	64.460215053763434	65.066666666666663	65.896774193548325	68.120430107526758	69.372043010752606	71.956989247311824	100 mg/L	5	10	15	20	30	60	100	58.029032258064518	58.351612903225799	58.670967741935485	58.854838709677374	63.50322580645161	68.241935483871018	68.9258064516129	Time (Min)


% Removal




25 mg/L	5	10	15	20	30	60	100	0.57206126591622031	1.1077362872967658	1.6292922214435881	2.1276595744680837	3.1440162271805283	5.973025048169557	9.791535060012631	50 mg/L	5	10	15	20	30	60	100	0.20161737457887174	0.40315346641429267	0.60464610063729729	0.80582125272971983	1.2080139646414323	2.4146326740044652	4.022679869101994	75 mg/L	5	10	15	20	30	60	100	0.13484558158225124	0.26963735124444382	0.40437915668074825	0.539031979419759	0.80798504689006567	1.6153370871972419	2.6900521870124279	100 mg/L	5	10	15	20	30	60	100	0.10131825177382935	0.20261597485130528	0.30389348330814403	0.40516791677850983	0.6068660828614949	1.2119314652756377	2.019453394549696	Time (Min)

t/qt



% removal	2	3	4	5	6	7	8	9	81.599999999999994	81.290322580645167	80.387096774193552	74.522580645161298	70.748387096774124	68.2129032258065	67.670967741935485	67.451612903225822	pH

% dye removal


qe	2	3	4	5	6	7	8	9	20.399999999999999	20.32258064516127	20.096774193548388	18.630645161290335	17.687096774193549	17.053225806451614	16.917741935483861	16.862903225806463	pH

qe mg L-1


% removal	0.05	0.1	0.15000000000000008	0.2	0.25	0.30000000000000016	70.948387096774155	80.41935483870968	85.741935483871046	87.806451612903189	89.935483870967744	92.503225806451539	Amount of Adsorbant (g)

% Removal


qe	0.05	0.1	0.15000000000000008	0.2	0.25	0.30000000000000016	35.474193548387099	20.104838709677438	14.290322580645158	10.975806451612909	8.993548387096773	7.7086021505376383	Amount of Adsorbant (g)

qe mg L-1


