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ABSTRACT

                                        The objective of this work is reduction of malachite green in wastewater using mahua residual cake which is a byproduct after the extraction of mahua oil. The adsorption of malachite green, cationic dye onto agricultural by products has been investigated in this study. The physico-chemical characteristics of the adsorbent have been analyzed in detail. 

                                         The adsorption of the dye was solution Ph dependent. The kinetic experimental data was analyzed using two kinetic equation pseudo first order equation and pseudo second order equation. It was observed that it followed the second order equation. The Langmuir, Freundlich and Temkin isotherms were used to fit the equilibrium data and the results showed that the Freundlich isotherm seemed to agree better than the Langmuir. The maximum malachite green capacity was found to be 235.6mg/g at 40°C. The Gibbs energy was calculated which showed that it is an exothermic reaction. Desorption experiment was also studied where it showed that maximum desorption was observed in acidic medium. The results indicated that mahua oil cake is an attractive adsorbent for removing basic dye from aqueous solution.
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CHAPTER  1

INTRODUCTION
Introduction 
Presence of colour and its causative compounds has always been undesirable in water used for
either industrial or domestic needs. Colour is a visible pollutant. Different colouring agents like dyes, inorganic pigments, tannins, lignins etc usually impart colour. Amongst complex industrial wastewater with various types of colouring agents, dye wastes are predominant. More than 8000 chemically different types of dyes are currently manufactured and the biggest consumers of these dyes are the textile industries [1], paper and pulp industries [2], dye and dye intermediates industries, pharmaceutical industries [3], tannery [4], Kraft bleaching [5], food technology, hair coloring, rubber, paper, plastic, cosmetics,etc. Colour is contributed by phenolic compounds such as tannins, lignins (2–3%) and organic colourants (3–4%) [6] and with a maximum contribution from dye and dye intermediates, which could be sulphur/mordant/reactive/cationic/dispersed/azo/acid/vat dye [7]. Color removal from effluent is one of the most difficult requirement faced by the textile finishing, dye manufacturing, pulp and paper industries because of toxic nature. Dyes are classified in three broad categories: (a) anionic: direct, acid and reactive dyes; (b) cationic: all basic dyes and (c) nonionic: dispersed dyes .Thus the dye we are using is a basic dye.
Dye effluents, which may be from dyestuff manufacturing and textile industries, may exhibit toxic effects on microbial populations and can be toxic and/or carcinogenic to mammalian animal. Dyes can cause allergic dermatitis, skin irritation, cancer, and mutations . The extensive use of dyes causes environmental problem in the ecosystem. This not only prevents sunlight penetration into water and reduces photosynthetic activity and causing difficulties in the environment. Malachite green is very dangerous and has highly cytotoxic property against mammalian cells and also plays an pivotal role as a liver tumor-enhancing agent. The dye which is released in aquatic environment without any treatments inhibits development of aquatic animals and plants by blocking out sunlight penetration [8].  HYPERLINK "http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGF-4SFS0RX-2&_user=1657113&_coverDate=01%2F30%2F2009&_alid=907051981&_rdoc=124&_fmt=full&_orig=search&_cdi=5253&_st=13&_docanchor=&view=c&_ct=1554&_acct=C000053917&_version=1&_urlVersion=0&_userid=1657113&md5=2e7136da5b45cd9e401c2a04bf258ae9" \l "bib10" They also increase the biological oxygen demand (BOD) and cause lack of dissolved oxygen to sustain aquatic life. Since some dyes are very toxic they cause direct destruction or inhibition of their catalytic capabilities. Dyes even in low concentrations affect the aquatic life and the food web. By design, dyes are highly stable molecules, made to resist degradation by light, chemical, biological and other exposures [9]. Today nearly one million metric tonnes of dye is annually produced in the world of which azo dyes (R1_ N=N_ R2), represent about 70% on weight basis [10]. In India dyestuff industry produces around 60,000 metric tonnes of dyes, which is approximately 6.6% of total world output [11]. The largest consumer of these dyes is the textile industry accounting for two third of its market. Recent estimates indicate that 12% of the synthetic textile dyes used yearly are lost to wastewater streams. Approximately 20% of these enter the environment through effluents from wastewater treatment plant [12]. dyes are difficult to be decolourized due to their complex structure, synthetic origin and recalcitrant nature, which makes it obligatory to remove them from industrial effluents before being disposed into hydrological systems [13]. A dye house effluent typically contains 0.6–0.8 g dye l-1 [14].

Thus, colour removal is one of the daunting tasks faced by the textile finishing, fisheries industries, dye manufacturing, pulp and paper, Kraft bleaching and tannery industries among others. There are several methods to remove dyes such as physical and chemical processes to treat wastewaters including organic pollutant and dyes. Also most commercial systems use activated carbon as adsorbent to remove dyes in wastewater because of because of its significant adsorption capacity.[15-18]. However due to high cost of activated carbon, adsorption using cheaper materials are sorted.  Several studies have shown that numerous low cost materials have been successfully applied in the removal of dyes from aqueous solution, some of which are coal, fly ash, wood, silica, shale oil ash, Fuller’s earths, zeolite, perlite, alunite, clay materials (bentonite, montmorillonite, etc.) activated slag, and agricultural wastes (bagasse pith, maize cob, coconut shell, orange peel, Phosopis cineraria, rice husk, rattan sawdust, neem sawdust, etc.). However, only few of those could be employed effectively to remove dye from the waste stream. Thus through this project we have tried to explore the potential of yet another new waste material (mahua oil cake)that is available in plenty in Orissa state.
CHAPTER 2







LITRATURE REVIEW

Synthetic dyes are widely used for textile dyeing, paper printing, leather dyeing, colour photography and as additives in petroleum products. Unlike pigments, these dyes are absorbed to a certain extent by the material to which they are applied. They exhibit a wide range of different chemical structures, primarily based on substituted aromatic and heterocyclic groups. Many synthetic dyes are toxic to some organisms and may cause direct destruction of creatures in water. Due to these reasons, these dyes must be removed from effluent. In general, there are five main methods used for the treatment of dye-containing effluent: oxidation–ozonation; biological treatment; coagulation–flocculation; membrane; adsorption processes. However, these processes are costly and cannot effectively be used to treat the wide range of dye wastewater. The advantages and limitations of various treatment methodologies besides emerging technologies are presented Table.2.1 below:

Table 2.1:

[image: image22.png]<
-
L
4
14
-
®
14





 [image: image2.emf]
In 2005 Indra Deo Mall, Vimal Chandra Srivastava, Nitin Kumar Agarwal, Indra Mani Mishra studied the Adsorptive removal of malachite green dye from aqueous solution by bagasse fly ash and activated carbon-kinetic study and equilibrium isotherm analyses[19]. Batch adsorption studies were conducted to evaluate the effect of various parameters such as pH, adsorbent dose, contact time and initial MG concentration on the removal of MG. The initial pH of the dye solution strongly affected the chemistry of both the dye molecules and adsorbents in an aqueous solution.  This article is not included in your organization's subscription. However, you may be able to access this article under your organization's agreement with Elsevier.Equilibrium reached in about 4 h contact time. Optimum BFA, ACC and ACL dosages were found to be 1, 20 and 4 g l−1, respectively. The adsorption followed pseudo-second-order kinetics.
In 2005 Alok Mittal, Lisha Krishnan & V.K. Gupta, Removal and recovery of malachite green from wastewater using an agricultural waste material, de-oiled soya [20]. The characterization of the adsorbent was done through IR and DTA curves and preliminary investigations were carried out by batch adsorption technique, which includes effect of pH, adsorbate concentration, and sieve size, adsorbent dosage, contact time, temperature, etc. Tenable mechanism of the ongoing adsorption process and thermodynamic parameters were also obtained from Langmuir and Freundlich adsorption isotherm models. The kinetic measurements helped in determining the specific rate constant confirming the applicability of the first-order rate expression. 
In 2006 Renmin Gong, Youbin Jin , Fayang Chen, Jian Chen, Zhili Liu studied the enhanced removal of malachite green from aqueous solution by citric acid modified rice straw[21]. Removal percentsge came up to the maximum value beyond pH 4.Under the condition of 2.0g/l sorbent used ,the percentage of malachite green sorbed on modified rice straw kept above 93% over a range from 100 to 500mg/l of malachite green concentration. The sorption equilibrium were reached at about 10h.it followed the pseudo-first-order rate kinetics
In (2007) R.Malik, D.S.Ramteke and S.R.Wate ,the adsorption of malachite green (MG) on rattan sawdust (RSD) was studied at 30 °C [22]. The results indicated that RSD can be used as a low-cost adsorbent for the removal of MG dye from aqueous solutions. Equilibrium data were analyzed by two isotherms, namely the Freundlich isotherm and the Langmuir isotherm. The monolayer adsorption capacity of RSD was found to be 62.71 mg/g. The adsorption kinetics can be predicted by the pseudo-first-order model. It was found that for a short time period the rate of adsorption is controlled by film diffusion. However, at longer adsorption times, pore-diffusion controls the rate of adsorption. The amount adsorbed on the outer surface was estimated from the time where film-diffusion stops controlling the adsorption rate.

In 2008, Emrah Bulut, mahmut ozacar & i.ayhan sengil [23] carried the adsorption of malachite green onto bentonite in a batch adsorber. Effects of contact time, initial pH and initial dye concentration on the malachite green adsorption by bentonite has been studied. Malachite green removal was seen to increase with increasing contact time until equilibrium and initial dye concentration and the adsorption capacity of bentonite was independent of initial pH in the range of 3-11.
In 2008 B.H.Hameed and M.I.El-khaiary studied the removal of malachite green from aqueous solutions by adsorption on oil palm trunk fibre where the operating variables were contact time, initial dye concentration and solution pH [24].  Equilibrium adsorption data were analyzed by three isotherms, namely the Freundlich isotherm, the Langmuir isotherm, and the multilayer adsorption isotherm. The monolayer adsorption capacity was found to be 149.35 mg/g at 30 ◦C.  It was found that with increasing the initial concentration of MG, the pore-diffusion coefficient increased while the film-diffusion coefficient decreased. In 2008 Jian Zhang ,Yan Li, Chenglu Zhang, Yuming Jing  carried the adsorption of malachite green from aqueous solution onto carbon prepared from  Arundo donax root , a new adsorbent,  by carbonization[25]. The surface area of the adsorbent was determined 158m2/g by N2 adsorption isotherm. The effects of various parameters such as solution pH (3–10), carbon dose (0.15–1.0 g/100 ml) and initial MG concentration (10–100 mg/l) on the adsorption system were investigated. The effective pH was 5–7 and the optimum adsorbent dose was found to be 0.6/100mg/l. The adsorption equilibrium time was 180 min. Adsorption kinetics was determined using pseudo-first-order model, pseudo-second-order model and intraparticle diffusion model. The results showed that the adsorption of MG onto ADRC followed pseudo-second-order model.
In 2008 Wen Cheng,Shu-Guang Wang, Lei Lu,Wen-Xin Gong,Xian-wei Liu,Bao-Yu Gao,Hua-Yong Zhang studied the removal of malachite green from aqueous solutions by native and heat-treated anaerobic granular sludge[26]. The maximum biosorption was both observed at pH 5.0 on the native and heat-treated anaerobic granular sludge. The ionic strength had negative effect on MG removal. Kinetic studies showed that the biosorption process followed pseudo-second-order and qe for native and heat-treated anaerobic granular sludge is 61.73 and 59.17 mg/g at initial concentration 150 mg/L, respectively. 
In 2009 S.D.Khattri and M.K.Singh used neem sawdust as an adsorbent for the removal of malachite green dye from an aqueous solution[27]. The studies were carried out under various experimental conditions such as agitation time, dye concentration adsorption dose, pH and temperature to assess the potentially of neem sawdust for the removal of malachite green dye from wastewater. A greater % of dye removal was observed with decrease in the initial concentration of dye and increase in amount of adsorbent.
CHAPTER 3






MATERIALS AND METHODS

3.1 Preparation of adsorbent: 
           The Mahua oil cake(0.5 kg) was collected from market.Its size was reduced by mechanical grinding. It was then sieved and caked a size of -80+100 (B.S.S) was collected. It was washed with distilled water for 4 to 5 times. Then the cake was treated with dilute (1N HCL) for 24 hrs.It was then washed with distill water 2 to 3 times so that the lignin are removed completely till the pH of the washed water is around 7.The material was then sun dried for around 3 days and kept in a air tight container .
3.2 Oil cake characterization:
     The oil cake properties are shown in Table 3.2.1.

      Table 3.2.1 Adsorbent Characterization
	Sl.No.
	Property/Composition
	Value

	1
	Moisture (%)
	6.5

	2
	Volatile Matter (%)
	68.3

	3
	Fixed carbon (%)
	18.4

	4
	Ash (%)
	6.8

	5
	Lignin (%)
	20.21

	6
	Cellulose (%)
	60.42

	7
	Hemicellulose (%)
	16.21

	8
	Density (g/cc)
	0.3482

	9
	BET surface area (m2/g)
	28.24


3.3 Adsorbate:
Malachite green dye:
          The malachite green dye used during was manufactured by Merck. It is a basic cationic dye. The solution is green in colour. Chemical formula: =C52H54N4O12, Molecular Weight = 927.00. λmax =  425nm.
[image: image3.png]



Fig:3.3.1 Structure of malachite green
3.4 Methods:
3.4.1 Adsorption Studies:
3.4.1.1 Effect of contact time:
            100 ml of dye solution with dye concentration (25mg/L) was prepared in a conical flask with adsorbent concentration (1g/L) and kept inside the shaker. Dye concentration was estimated spectrophotometrically at the wavelength corresponding to maximum absorbance, λmax, using a spectrophotometer (JASCO UV/Vis-550). The samples were withdrawn from the incubator shaker (Environmental orbital Shaker Incubator, DENEB INSTRUMENTS) at predetermined time intervals and the dye solution was separated from the adsorbent by the help of a micropipette. The absorbance of solution was measured. The dye concentration was measured after 5, 10, 20, 30,60, 90,120mins until equilibrium was reached. A graph was plotted with qe vs

time. The qe is expressed as 
                                 [image: image5.png]qQe =~




Where, qe = Amount of dye adsorbed per unit mass of adsorbent (mg/g).


C0= Initial dye concentration (mg/L).


Ce= Final dye concentration (mg/L).


X = Dose of adsorbent (g/L).

3.4.1.2   Effect of initial pH:
              100ml of dye solution was prepared in 4 different conical flasks with dye conc.(25mg/L,50mg/L,75mg/L,100mg/L) and adsorbent conc.(1g/L) and initial pH of four different conical flask were 3,6,9. The pH of the dye solutions was adjusted with dilute HCl (0.05N) or KOH (0.05N) solution by using a pH meter (EUTECH Instrument, pH 510). The flasks were put inside the incubator shaker (120rpm fixed through out the study) maintained at 27oC and the final concentration of dye was measured using UV spectrophotometer and the calibration plot of the dye after 2 hours. A graph was plotted with qe vs initial pH.

3.4.1.3 Effect of adsorbent dose:
           100ml of dye solution was prepared in 4 different conical flasks with dye conc.(25mg/L) and adsorbent concentration 0.25,0.5,1,2.5,5,10g/L. The final dye concentration readings were taken after putting the 4 flasks inside the shaker for 2 hours. A plot of qe vs adsorbent dose was obtained.

3.4.1.4 Effect of initial dye concentration:
            100 ml of dye solution was prepared in 4 different conical flasks with dye concentration (25, 50, 75,100mg/L) and adsorbent dose (1g/L). The final dye concentration readings were taken after putting the 4 flasks inside the shaker for 2 hours. A plot of qe vs effect of initial dye concentration was obtained.

3.4.1.5 Effect of temperature:
           100 ml of dye solution was prepared in 4 different conical flasks with dye concentration (25, 50, 75,100mg/L) and adsorbent dose (1g/L) and put inside the incubator shaker. The temperature was maintained at 20°C. The final dye concentration readings were taken at 5, 10, 20, 30, 60,120mins. The same procedure was followed for temperatures 30°C and 40° C.

A plot of qe vs time at different temperatures is obtained.


3.4.1.6 Adsorption Isotherms:
            Adsorption is usually described through isotherms, that is, the amount of adsorbate on the adsorbent as a function of its pressure (if gas) or concentration (if liquid) at constant temperature. The quantity adsorbed is nearly always normalized by the mass of the adsorbent to allow comparison of different materials. Equilibrium study on adsorption has provided information on

the capacity of the adsorbent. Also, an adsorption isotherm is characterized by certain constant values that express the surface properties and affinity of the adsorbent and can also be used to compare the adsorptive capacities of the adsorbent for different pollutants. At constant temperature, this kind of adsorption isotherm is generally fitted to the Langmuir or Freundlich model. In our study we have also fitted our data to Temkin isotherm model.

Langmuir assumptions:

1) The surface of the adsorbent is uniform, that is, all the adsorption sites are equivalent.

2) Adsorbed molecules do not interact.

3) All adsorption occurs through the same mechanism.

4) At the maximum adsorption, only a monolayer is formed: molecules of adsorbate do not deposit on other, already adsorbed, molecules of adsorbate, only on the free surface of the adsorbent.
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(3.4.1.6.1)

The KL and aL are the Langmuir isotherm constants and the KL/aL gives the theoretical monolayer saturation capacity, Q0. The essential features of langmuir isotherm can be expressed in terms of a dimensionless constant called separation factor (RL, also called equilibrium parameter) which is given by the following equation:
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(3.4.1.6.2)
Where Co (mg/L) is the initial dye concentration and aL (L/mg)


Freundlich Isotherm:

Freundlich isotherm theory describes the ratio of the amount of solute adsorbed onto given mass of sorbent to the concentration of the solute in the solution. It is applicable to adsorption on heterogeneous surfaces and can be represented by equation in linear form as:
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(3.4.1.6.3)

Kf is the Freundlich constant and nf the Freundlich exponent. Where Kf and nf are constants representing the adsorption capacity and intensity of adsorption respectively. The slope 1/nf and intercept Kf ((mg/g)/(L/g)n) is obtained from the plot of Log qe versus Log Ce. 
Temkin Isotherm:

Temkin isotherm model contains a parameter that explicitly accounts for the interaction of adsorbate and adsorbing species [39]. It is based on the assumption that the heat of adsorption of all the molecules in the layer diminishes linearly with coverage which is attributed to adsorbate-adsorbate repulsions. It also assumes that adsorption is due to uniform distribution of binding energy [40].  Contrary to Fredulich model, it assumes that fall in heat of adsorption is linear rather than Logarithmic. The equation can be expressed as:
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(3.4.1.6.4)

where BT = RT/b , qe (mg/g) and Ce (mg/L) are the amount of adsorbed dye per unit weight of adsorbent and unadsorbed dye concentration in solution at equilibrium, respectively. AT and BT are the Temkin constants. The Langmuir, Freundlich and Temkin isotherm parameters were obtained by plotting Ce/qe versus Ce, log qe versus log Ce and qe versus ln Ce, respectively. The isotherm data were calculated from the least squares methods.

3.4.1.7 Zero point of charge:
           The zero point of charge of adsorbent is determined by batch equilibrium technique. In this case, a solution of 0.1 (M) KNO3 was prepared and its pH is varied from 2 to 12 using 0.1M HNO3 and 0.1M KOH. The adsorbent concentration was kept at 1g/L. The final reading of the solutions at different pH of was noted after keeping it for 48hrs in a shaker. A plot of final vs initial pH was obtained. The pH at which the graph is horizontal to the initial pH axis is called the zero point of charge.

3.4.2 Kinectic studies:
        In order to investigate the mechanism of adsorption on mahua oil cake, kinetic model has been used to identify the possible mechanisms of such adsorption process. In this study, pseudo-first and pseudo-second order kinetic models have been proposed as follows to elucidate the mechanism of adsorption depending on the characteristics of the adsorbent.

Lagergren proposed a pseudo-first order kinetic model as below. The integrated form of the model is :



[image: image10.emf]
where q is the amount of dye adsorbed at time t (min), qeq is the amount of dye adsorbed at equilibrium and k1 is the rate constant of pseudo-first order adsorption.


The adsorption kinetics can also be given by a pseudo-second order reaction. The integrated linearised form of this model is:

[image: image11.emf]
where k2 is the pseudo-second order rate constant of dye adsorption.

The plot of t/q versus t of Eq. (3.4.2.2) should give a linear relationship, from which qeq and k2 can be determined from the slope and intercept of the plot, if second order kinetic equation is applicable.

3.4.3 Thermodynamic study:
         The thermodynamic parameters, namely free energy (ΔG), enthalpy (ΔH) and entropy (ΔS), have an important role to determine spontaneity and heat change for the adsorption process. Equilibrium constant can be used to evaluate the thermodynamic parameters.

The van’t Hoff equation is used to determine the value of the equilibrium constant with temperature changes. The equation is given as:



[image: image12.emf]
Integrated form of this equation can be represented as follows:

[image: image13.emf]
If C is written as: C = (ΔS/R) then, ln K can be obtained as below:



[image: image14.emf]
The enthalpy and entropy changes of the process can be determined from the slope and intercept of line obtained by plotting lnK versus 1/T.

If the equation ΔG = −RT lnK is combined with the Eq. (3.4.2.5), equation free energy is then obtained as:



[image: image15.emf]
3.4.4 Desorption studies:
         50mg/L of dye solution was prepared in two flasks with adsorbent dose of 1g/L. The solutions were kept in the shaker and Final concentration readings were taken after equilibrium was reached. The adsorbent was then separated by decantation and dried for 24 hrs. This dried adsorbent containing adsorbed dye was put in distilled water (pH 2.4,pH 7.1 and pH 10.2) and  final concentration readings were taken after equilibrium was reached. A column chart of % desorption of dye and pH was obtained for both the dyes were obtained.

                                                                                    CHAPTER  4
     RESULTS & DISCUSSION
4.1 Adsorption Studies:
4.1.1 Effect of Contact time:
        The effect of contact time can be seen from Fig.4.1.1.1. for both the dyes. It is clear that the extent of adsorption is rapid in the initial stages and becomes slow in later stages till saturation is allowed. The final dye concentration did not vary significantly after 2 hours from the start of adsorption process. This shows that equilibrium can be assumed to be achieved after 2 hours (120 min). It is basically due to saturation of the active site which do not allow further adsorption to take place as a large number of surface sites are available for adsorption at the initial stages and after a lapse of time, the remaining surface sites are difficult to be occupied because of repulsion between the solute molecules of the solid and bulk phases
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Fig:4.1.1.1 Effect of contact time on Malachite Green adsorption on Mahua oil cake at Co-25 mg/L, Temp- Room Temperature, pH- solution pH, Speed-150 rpm, adsorbent dosage- 0.5 g/L
4.1.2 Effect of initial pH of the solution:
                    The effects of initial pH on malachite green removal ratio were investigated by varying the pH from 3 to 9. At pH - 3 the removal was minimum but it increased along with increasing initial pH of dye solution. It was maximum at pH = 9 as we see in the fig 4.1.2.1. The adsorption of these positively charged dye groups onto the adsorbent surface is primarily influenced by the surface charge on the adsorbent which in turn is influenced by the solution pH. The result showed that availability of negatively charged groups at the adsorbent surface is necessary for the adsorption of basic dyes to proceed which we see at pH -3 is almost unlikely as there is a net positive charge in the adsorption system due to the presence of H30+  .Thus as the pH increased, more negatively charged surface was available thus facilitating greater dye removal .We see that the trend is increasing with increasing pH.
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Fig: 4.1.2.1 Effect of initial pH of the Malachite Green solution at Co-25 mg/L, Temperature- room temperature, speed- 150 rpm, Adsorbent dosage-0.5 g/L
4.1.3 Effect of adsorbent dosage:
                  From fig 4.1.3.1 we see that the optimized dose the dye is 1g/L. Though  at 5g/L, there is slight increase in qe value but if we get nearly the same result as we get at adsorbent dosage of 1g/L then going for 5g/L will be expensive and loss of adsorbent. It is obvious as with increasing amount the active sites for adsorption of malachite green increases which results in an increase in removal efficiency. The decrease in adsorption capacity with an increase in the adsorbent concentration could be ascribed to the fact that some of the adsorption sites remained unsaturated during the process.
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Fig: 4.1.3.1 Effect of Amount of mahua oil cake on Malachite Green adsorption at Co- 25 mg/L, pH- 9, Temperature- room temperature, Speed-150 rpm.
4.1.4 Effect of initial concentration of Dye:
                     In order to study the effect of the initial concentration of Malachite green in the solutions on the rate of adsorption on mahua oil cake, the experiments were carried out at a fixed adsorbent dose (0.1 g) and at different initial dye concentrations of malachite green (25, 50,75
100 mg/L) for different time intervals (10,25, 45, 75, 105, 135, 165 and 195 min) at 30 ◦C. Fig. 4.1.4 shows the effect of the initial dye concentration on the adsorption. It is due to the effect of concentration gradient which is the main driving force for the adsorption.
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Fig:4.1.4.1 Effect of initial dye concentration on Malachite Green adsorption on Mahua oil cake at initial pH-9, Speed-150 rpm, Adsorbent dosage-0.1 g/L.
4.1.5 Effect of Temperature:
         The adsorption rate constant of the removal of malachite green with initial concentration of 25mg/ L at pH= 9 at temperatures 20, 30 and 40°C on malachite green has been determined. Thermodynamic parameters such as changes in free energy (_G◦), enthalpy (_H◦) and entropy (_S◦) have been evaluated at all temperatures to explain the results.

The result of time rate studies for the adsorption of malachite green at different temperature has been shown in the fig.4.1.5.1
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Fig: 4.1.5.1 Effect of Temperature on Malachite Green adsorption on Mahua oil cake at Co- 25 mg/L, initial pH-9, speed-150 rpm and adsorbent dosage-0.1g/L
4.1.6 Zero point charge:
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Fig 4.1.6.1: Zero point charge of Mahua oil cake for the adsorption study

4.1.7 Adsorption Isotherm constants:
         The values of the constants of the three isotherms have been tabulated. The R2 values for Freundlich isotherm ranges between 0.97-0.99 and 0.98-0.99 for malachite green adsorption respectively.  However better fit is indicated using Freundlich adsorption isotherm model Table 4.1.7.1. This shows that adsorption of the dye follows heterogeneous coverage which has overlapping layers. 

The R2 value evaluate in table 4.1.7.1, indicating the applicability of the classical adsorption isotherm to this adsorbate- adsorbent system. The adsorption capacities (Kf) were represented in Table 4.1.7.1.  The higher value for Kf indicates higher adsorption capacity for dye and the value of 1/nf lies between 0 and 1 indicating favorable adsorption. The values of Qmax, Kf, n obtained from Langmuir and Freundlich isotherms are tabulated in Table 4.2.1.
Table 4.2.1.: Evaluated adsorption costants at different isotherm models:
	MG
	Langmuir isotherm
	Freundlich isotherm
	Temkin isotherm

	Temperature (oC)
	Qo
	b
	R2
	Kf
	n
	R2
	B
	A
	R2

	20
	-769.231
	-0.792
	0.9993
	21.281
	0.507
	0.9995
	2988
	0.2984
	0.99

	30
	-526.315
	0.104
	0.9672
	34.754
	0.563
	0.986
	1993
	0.4319
	0.968

	40
	- 416.667
	0.148
	0.9596
	41.879
	0.509
	0.9766
	2276
	0.5058
	0.988


4.2 Kinectic Studies:
       Adsorption capacity is dependent on time and it reaches equilibrium after a definite time. Equilibrium process is also up to initial dye concentration and this process is also directly correlated with time. In the present study, the adsorption of MG reached equilibrium at 120 min for all initial dye concentration, studied. In order to characterize the kinetics of reactions, two kinetic models were used to fit the experimental data. 
In the present study, both of these models were tested for the adsorption of malachite green onto mahua oil cake. The best-fit model was determined based on the linear regression correlation coefficient values. The pseudo second-order model is well in line with our experimental results (Table 4.2.2). According to our results, adsorption of malachite green onto Mahua oil cake is a chemisorption process which required exchange or sharing of electrons between dye cations and functional groups of adsorbent.  It was observed from Table 4.2.2 that Malenchite green adsorption on mahua oil cake follows 2nd order kinetics. R2 values lies between 0.97 – 1 .
Table 4.2.2 1st order kinetic constants for MG

	Temperature (oC)
	Qe (Expt) mg/g
	Qe (cal) mg/g
	K1
	R2

	25 mg/l


	
	
	
	

	20
	221.9697
	224.9055
	0.149695
	0.991

	30
	220.9091
	9.397
	0.1404
	0.806

	40
	230.333
	55.97576
	0.062181
	0.75

	50 mg/l


	
	
	
	

	20
	454.9091
	444.6313
	0.1450
	0.994

	30
	459.697
	244.3431
	0.122
	0.952

	40
	470.303
	70.95778
	0.041454
	0.717

	75 mg/l


	
	
	
	

	20
	691.303
	188.3649
	0.1496
	0.955

	30
	694.5455
	92.044
	0.1266
	0.937

	40
	719.6364
	428.5485
	0.126665
	0.975

	100 mg/l


	
	
	
	

	20
	932.0727
	90.573
	0.1128
	0.778

	30
	953.2424
	196.7886
	0.0598
	0.703

	40
	957.5455
	428.5485
	0.1266
	0.975


Table 4.2.3 :  2nd order kinetic constants for MG

	Temperature (oC)
	Qe (Expt) mg/g
	Qe (cal) mg/g
	K2
	R2

	25 mg/l


	
	
	
	

	20
	221.9697
	250
	0.001455
	0.997

	30
	220.9091
	222.222
	0.0533
	0.999

	40
	230.333
	250
	
	

	50 mg/l


	
	
	
	

	20
	454.9091
	500
	0.0008
	0.998

	30
	459.697
	500
	0.004
	0.999

	40
	470.303
	500
	0.002513
	1

	75 mg/l


	
	
	
	

	20
	691.303
	714.2857
	0.006125
	0.999

	30
	694.5455
	714.2857
	0.005939
	0.999

	40
	719.6364
	714.2857
	0.002513
	1

	100 mg/l


	
	
	
	

	20
	932.0727
	934.5794
	0.01157
	0.999

	30
	953.2424
	952.381
	0.001837
	0.999

	40
	957.5455
	961.5385
	0.002163
	1


4.3 Thermodynamics study:
Table: 4.2.4: Thermodynamics constants
	
	Temperature (oC)
	∆G (kJ/mol)
	∆S (kJ/mol)
	∆H (kJ/mol)

	
	20
	-10649.8
	85.88
	14724.09

	25 mg/l
	30
	-10907.6
	85.88
	14724.09

	
	40
	-12396
	85.88
	14724.09

	
	20
	-11239.7
	96.35926
	17093.58

	50 mg/l
	30
	-11932.7
	96.35926
	17093.58

	
	40
	-13180.4
	96.35926
	17093.58

	
	20
	-11617
	128.9501
	26405.26

	75 mg/l
	30
	-12168.2
	128.9501
	26405.26

	
	40
	-14229.6
	128.9501
	26405.26

	
	20
	-11989.9
	106.2529
	19047.37

	100 mg/L
	30
	-13395.5
	106.2529
	19047.37

	
	40
	-14100.6
	106.2529
	19047.37


Thermodynamic study was carried out using the experimental data performed at different temperatures. Negative sign of ∆G values suggested that it is exothermic reaction Table-4.2.4. Gibb’s free energy for both the dye have negative values showing the greater adsorption potential and positive values of ∆Ho confirms chemical adsorption process for malachite green
4.4 Desorption Study:

Desorption of MG was studied at both low pH (2) and high pH (10). It was observed that maximum desorption occurred at higher pH of 2 which could be attributed to surface sites responsible for elution as indicated in Table. 4.2.5. 

Table 4.2.5
	pH
	Percentage of MG desorbed

	2.4
	25.6

	10.2
	0.85


4.5 FTIR Report:
     We could not obtain the FTIR report  though it was submitted to meturllurgy department so it is unavailable.

4.6 Comparisions with other adsorbents:
                            Table 4.2.6 compares the adsorption capacity of different types of adsorbents used for the removal of malachite green. The most important parameter to compare is the Langmuir qo value since it is a measure of adsorption capacity of the adsorbent. We see that mahua oil cake has greater adsorption capacity for malachite green than other adsorbents. Hence it has a great potential for the adsorption of malachite green.
Table 4.2.6: Comparison of adsorption capacities of various adsorbents for malachite green

	Adsorbents 
	Qo (mg/g)
	Initial concentration(mg/l)
	References 

	Arundo donax root carbon
	8.70
	50
	[25]

	Activated carbon
	149
	100
	[28]

	Bentonite clay
	7.72
	25
	[29]

	Waste apricot
	116.27
	50
	[30]

	Bagasse fly ash
	170.33
	50
	[31]

	Activated carbons commercial grade
	8.27
	25
	[31]

	Laboratory grade activated carbons
	42.18
	25
	[31]

	Neem sawdust
	4.23
	50
	[27]

	Mahua cake oil
	230.5
	25
	This work


                                        CHAPTER  5
CONCLUSION
Removal of dyes, malachite green from aqueous solutions by adsorption with mahua oil cake has been experimentally determined and the following observations are made:

1. The percentage of colour removed increase with increasing adsorbent dosage, increase with increasing contact time, decrease with increasing initial dye concentration and varied with dye solution pH.
2. The adsorption rates increases with increasing temperatures. 
3. Adsorption isotherm studies suggest the heterogeneous layer formation on the adsorbent surface.

4. The thermodynamic data reports exothermic nature of reaction on the surface of the adsorbent.

5. The experimental data fitted well to first-order adsorption rate equation.
             The equilibrium contact times and equilibrium concentrations have been obtained from the kinetic data and using them Langmuir isotherms parameters have been estimated. It is observed from the experiments that about 90–100% removal is possible at lower concentration ranges. Even though the contact times and dosages required for  Mahua oil cake are more than the conventional adsorbents, taking high costs of conventional adsorbents into consideration Mahua oil cake can be used for colour removal for effluents. Therefore, the present study shows that the Mahua oil cake from Biodiesel production units can be effectively used as adsorbent for the removal colour from dyeing industrial effluents.

Further, it may be noted that after wastewater treatment, the used up Mahua oil cake should be replaced. Since it is cheap and the availability is not restricted, regeneration is not necessary. The major problem with this method of treatment is that the treated Mahua oil cake is itself a waste and disposal of it will be a major problem.  Hence leaching characteristics of the spent mahua oil cake should be demonstrated.
However the major outcomes of the project are:
· Mahua oil cake has a potential to be used as adsorbent for dye reduction at minimum cost. 
· It has the capacity to adsorb malachite green at varying initial concentrations (25 mg/L to 100 mg/L).

· Higher Adsorption capacity (98%) for MG is observed at lower concentration 25 mg/L
·  The dye is well fitted to Freundlich isotherm.
· Adsorption of Malachite green by Mahua oil cake follows the second order kinetics.

· Gibb’s free energy for both the dye have negative values showing the greater adsorption potential and positive values of ∆Ho confirms chemical adsorption process for malachite green 
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