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Abstract - In this study treatment of the textile wastewater by colour removal using adsorbent (Palmyra sprout peel and Moringa oleifera peel) is done. This study collects information to discharge colour using adsorbent (Palmyra sprout peel and Moringa oleifera peel) which acts as an effective adsorbent. Both the adsorbent Palmyra sprout peel and Moringa oleifera peel are low cost adsorbent. Moringa oleifera peel is readily available for use, Palmyra sprout peel has seasonal availability. A series of batch experiment was carried out to determine the optimum dosage for colour removal using various adsorbent dosage (4 - 12g/lit), and optimum contact time 120 minutes. The efficiency of the colour removal was calculated by subtracting initial concentration and final concentration. The pH was varied from 10 to 2 and the colour removal rates was found to be from 25% to 93%. Lower pH conditions have increased colour removal rate for textile wastewater.
Key Words:  adsorption, Palmyra sprout peel, Moringa oleifera peel, Reactive black dye (RB5), and dye removal.

1.INTRODUCTION:

In recent decades, the textile industry has experienced exponential growth, catering to the ever-increasing demand for clothing worldwide. However, this expansion has brought along with it environmental concerns, particularly regarding the discharge of textile dye effluents into water bodies. Textile dye wastewater is notoriously difficult to treat due to its complex composition and high color intensity, posing a significant threat to aquatic ecosystems and human health.
Addressing this pressing issue requires innovative and sustainable solutions that not only effectively remove textile dyes but also mitigate the environmental impact of wastewater treatment processes. In this context, the utilization of natural and eco-friendly adsorbents has garnered considerable attention as an alternative to conventional treatment methods.
The aim is to explore the potential of two readily available agricultural by-products, namely Palmyra sprout peel and Moringa oleifera peel, as cost-effective and environmentally friendly adsorbents for the removal of textile dyes from wastewater. Palmyra sprout peel and Moringa oleifera peel are rich in bioactive compounds such as lignin, cellulose, and phenolic compounds, which possess inherent adsorption properties.
Moreover, the abundance and accessibility of Palmyra sprout peel and Moringa oleifera peel make them promising candidates for large-scale applications in textile dye wastewater treatment plants, particularly in regions where these resources are abundant.
[bookmark: _GoBack]Through a series of experiments, aims to evaluate the adsorption efficiency of Palmyra sprout peel and Moringa oleifera peel for various textile dyes commonly used in the industry. Factors such as adsorbent dosage, pH, contact time, and initial dye concentration will be systematically studied to optimize the adsorption process and maximize dye removal efficiency.
The findings of this study hold significant implications for the development of sustainable wastewater treatment technologies and the mitigation of environmental pollution caused by the textile industry. By harnessing the potential of agricultural by-products as adsorbents, this research contributes to the advancement of green chemistry principles and underscores the importance of leveraging natural resources for environmental remediation.
2. Materials and methods
2.1.1 PALMYRA SPROUT PEEL
Palmyra sprout peel, also known as "toddy palm" or "borassus flabellifer," is a natural material that holds promising potential for various applications, including wastewater treatment. It serves as an adsorbent for the removal of Reactive Black 5 dye from textile wastewater. Here's an explanation of its properties and potential benefits in this context:
1. Abundant and Renewable: Palmyra sprout peel is readily available in regions where the toddy palm tree grows abundantly. This makes it a sustainable and cost-effective option for use as an adsorbent in wastewater treatment, especially in areas where other conventional adsorbents may be scarce or expensive.
2. High Surface Area: The peel of the Palmyra sprout is characterized by its fibrous and porous structure, which provides a large surface area for adsorption. This structural feature enhances its capacity to adsorb dye molecules from wastewater effectively.
3. Chemical Composition: Palmyra sprout peel contains various functional groups such as hydroxyl (-OH), carboxyl (-COOH), and carbonyl (-C=O) groups on its surface. These functional groups can interact with dye molecules through mechanisms such as electrostatic attraction, hydrogen bonding, and π-π interactions, facilitating the adsorption process.
4. Biodegradability: Unlike synthetic adsorbents, Palmyra sprout peel is biodegradable and poses minimal environmental risk. After adsorbing dye molecules, it can be easily disposed of or further treated without causing long-term harm to the environment.
5. Potential Synergies with Other Treatments: Palmyra sprout peel can potentially synergize with other treatment methods, such as coagulation-flocculation or microbial degradation. Its adsorption capacity can complement the removal efficiency of these processes, leading to more comprehensive and efficient wastewater treatment.
2.1.2. MORINGA OLEIFERA PEEL 
Moringa oleifera, commonly referred to as the "drumstick tree" or "miracle tree," is known for its various medicinal, nutritional, and industrial applications. The peel of Moringa oleifera serves as an adsorbent for the removal of Reactive Black 5 dye from textile wastewater. Here's an explanation of its properties and potential benefits in this context:
1. Rich in Bioactive Compounds: Moringa oleifera peel contains a plethora of bioactive compounds, including phenolic compounds, flavonoids, and alkaloids. These compounds possess functional groups such as hydroxyl (-OH) and amino (-NH2) groups, which can facilitate the adsorption of dye molecules through mechanisms such as hydrogen bonding and electrostatic interactions.
2. High Adsorption Capacity: The porous structure of Moringa oleifera peel, coupled with its rich bioactive composition, contributes to its high adsorption capacity for dye molecules. The large surface area and abundant functional groups provide numerous sites for the attachment of dye molecules, leading to efficient removal from wastewater.
3. Antioxidant Properties: The presence of antioxidant compounds in Moringa oleifera peel may enhance its adsorption capacity by preventing the degradation of adsorbed dye molecules. Antioxidants can scavenge free radicals and inhibit oxidative reactions, thereby maintaining the integrity of the adsorbent and prolonging its effectiveness in dye removal.
4. Low Cost and Accessibility: Moringa oleifera is widely cultivated in many tropical and subtropical regions, where it is valued for its nutritional and medicinal properties. As a result, Moringa oleifera peel is readily available and cost-effective, making it an attractive option for use as an adsorbent in wastewater treatment, particularly in resource-constrained settings.
5. Environmental Friendliness: Similar to Palmyra sprout peel, Moringa oleifera peel is biodegradable and poses minimal environmental risk. After adsorbing dye molecules, it can be safely disposed of or further processed without adverse effects on the environment, contributing to the sustainability of the treatment process.


2.1.3 Effect of PH 
The effect of pH on the adsorption of Reactive Black 5 dye by Palmyra sprout peel and Moringa oleifera peel is a crucial aspect. pH influences the adsorption process:
1. Surface Charge of Adsorbents: The pH of the solution affects the surface charge of the adsorbents. Palmyra sprout peel and Moringa oleifera peel contain functional groups such as hydroxyl (-OH) and carboxyl (-COOH) groups, which may be protonated or deprotonated depending on the pH of the solution. This can influence the electrostatic interactions between the adsorbents and the dye molecules.
2. Dye Speciation: The pH of the solution also influences the speciation of Reactive Black 5 dye. At different pH levels, the dye molecules may exist in different forms, such as the molecular form or various ionized forms (e.g., anionic or cationic). The speciation of the dye molecules can affect their adsorption behavior and affinity towards the adsorbents.
3. Surface Chemistry: Changes in pH can alter the surface chemistry of the adsorbents, affecting their surface charge, surface area, and functional groups ionization state. These changes may impact the adsorption capacity, and mechanism of the adsorption process.
4. Competing Reactions: In some cases, changes in pH may induce competing reactions, such as hydrolysis or dissolution of the adsorbents, which can influence the overall adsorption efficiency and stability of the system.
2.1.4 Effect of contact time 
contact time influences the adsorption process by following mechanisms of action:
1. Adsorption Kinetics: Contact time refers to the duration for which the adsorbent and the dye solution are in contact during the adsorption process. During the initial stages of adsorption, there is a rapid uptake of dye molecules by the adsorbent due to the availability of vacant adsorption sites. As the contact time increases, the rate of adsorption gradually slows down, eventually reaching equilibrium where the rate of adsorption becomes equal to the rate of desorption.
2. Equilibrium Attainment: The contact time required to achieve equilibrium adsorption varies depending on factors such as the adsorbent's surface properties, the initial concentration of the dye solution, and the temperature. At shorter contact times, the adsorption process may not be complete, leading to lower removal efficiency. Extending the contact time allows for more dye molecules to interact with the adsorbent surface, eventually leading to higher dye removal efficiency.
3. Pore Diffusion and Intraparticle Transport: At the initial stages of adsorption, rapid adsorption occurs at the external surface of the adsorbent particles. As the contact time increases, diffusion of dye molecules into the internal pores of the adsorbent becomes significant. This intraparticle diffusion process may become the step, especially for adsorbents with a porous structure, and influence the overall adsorption kinetics.
4. Optimization of Contact Time: Studying the effect of contact time involves conducting adsorption experiments at different time intervals and analyzing the adsorption kinetics over time. By plotting adsorption kinetics curves and determining parameters such as the initial adsorption rate and the equilibrium adsorption capacity, identifying the optimal contact time required to achieve maximum dye removal efficiency.

2.1.5 Effect of Adsorbent dosage
Varying the adsorbent dosage can significantly impact the adsorption efficiency of Reactive Black 5 dye by Palmyra sprout peel and Moringa oleifera peel.
By varying the adsorbent dosage and analyzing the resulting adsorption data, we can identify the optimal dosage that maximizes dye removal efficiency while minimizing the amount of adsorbent required. This involves balancing factors such as adsorption capacity, and cost-effectiveness.
2.2 EXPERIMENT PARAMETERS
The effect of pH on removal percentage was investigated over the range of 2-10. The pH was adjusted by the addition of 0.1 M HCL or NaOH. The adsorbent dosage was varied from (4-12g/litre).and the contact time was constant determined by varying 50ppm dye concentration at optimum pH 2. The calibration curve was plotted for concentration and absorbance
The removal efficiency was calculated. The wavelength used for the detection of the reactive black 5 dye is 597nm which gives maximum absorbance.


2.3 UV SPECTROMETRY
The effectiveness of the dye removal process hinges on accurate monitoring and analysis of dye concentration throughout the treatment process. In this regard, UV (Ultraviolet) spectrometry emerges as a valuable analytical technique due to its sensitivity and versatility in quantifying the concentration of organic compounds, including dyes, in aqueous solutions.
UV spectrometry operates on the principle of measuring the absorbance of UV light by molecules in a sample, with absorbance being directly proportional to the concentration of the absorbing species. By UV spectrometry, to quantify the concentration of Reactive Black 5 dye in textile wastewater samples before and after treatment with Palmyra sprout peel and Moringa oleifera peel adsorbents.
UV spectrometry enables real-time monitoring of the adsorption kinetics and optimization of treatment conditions, facilitating the development of an efficient and sustainable dye removal process. By systematically analyzing the UV absorbance spectra of wastewater samples at different stages of treatment, insights into the effectiveness of the bio-based adsorbents and their potential for large-scale application can be gained.


Table -1: Calibration curve







Fig -1: Calibration curve















3.RESULTS AND DISCUSSION


        Fig -2: Optimum contact time

Optimum contact time was determined by varying contact time for 12gms/litre adsorbent dosage for 50 ppm dye concentration solution at optimum pH 2.


Fig -3: Palmyra sprout Adsorption efficiency for 12.5 ppm concentration



Fig -4: Palmyra sprout Removal efficiency for 12.5 ppm concentration




Fig -5: Palmyra sprout Adsorption efficiency for 25 ppm concentration


Fig -6: Palmyra sprout Removal efficiency for 25 ppm concentration









Fig -7: Palmyra sprout Adsorption efficiency for 50 ppm concentration

Fig -8: Palmyra sprout Removal efficiency for 50 ppm concentration









Fig -9: Palmyra sprout Adsorption efficiency for 75 ppm concentration


Fig -10: Palmyra sprout Removal efficiency for 75 ppm concentration





Fig -11: Palmyra sprout Adsorption efficiency for 100 ppm concentration

Fig -12: Palmyra sprout Removal efficiency for 100 ppm concentration





Fig -13: Moringa oleifera Adsorption efficiency for 12.5 ppm concentration

Fig -14: Moringa oleifera Removal efficiency for 12.5 ppm concentration

Fig -15: Moringa oleifera Adsorption efficiency for 25 ppm concentration

Fig -16: Moringa oleifera Removal efficiency for 25 ppm concentration

Fig -17: Moringa oleifera Adsorption efficiency for 50 ppm concentration

Fig -18: Moringa oleifera Removal efficiency for 50 ppm concentration





Fig -19: Moringa oleifera Adsorption efficiency for 75 ppm concentration


Fig -20: Moringa oleifera Removal efficiency for 75 ppm concentration





Fig -21: Moringa oleifera Adsorption efficiency for 100 ppm concentration


Fig -22: Moringa oleifera Removal efficiency for 100 ppm concentration

The color removal efficiency plotted in the graph shows that acidic conditions favor removal of textile dye color in wastewater. Higher adsorbent dose gives higher textile dye color removal efficiency.

5. CONCLUSIONS
The study revealed that the maximum dye removal efficiency was achieved at pH 2, indicating acidic conditions favor the adsorption process. Furthermore, an adsorbent dosage of 12 grams per litre was found to be optimal, providing sufficient adsorption sites for dye molecules. The optimum contact time of 120 minutes allowed for adequate interaction between the adsorbents and the dye solution, leading to efficient dye removal. Both Palmyra sprout peel and Moringa oleifera peel demonstrated remarkable adsorption capacities under the identified optimal conditions. The adsorbents exhibited high affinity towards Reactive Black 5 dye, effectively removing a significant proportion of dye molecules from the wastewater solution. The utilization of Palmyra sprout peel and Moringa oleifera peel as natural adsorbents presents promising environmental and economic benefits. These adsorbents are abundant, renewable, and biodegradable, offering a cost-effective and eco-friendly solution for textile wastewater treatment.

The study aims to investigate the feasibility of utilizing natural adsorbents, specifically Palmyra sprout peel and Moringa oleifera peel, for the removal of Reactive Black 5 dye from textile wastewater. Reactive Black 5 is a commonly used dye in the textile industry, known for its persistence and potential environmental hazards. By exploring eco-friendly alternatives to conventional treatment methods, the study seeks to address the pressing need for sustainable wastewater treatment solutions. Adsorption experiments are conducted to evaluate the performance of Palmyra sprout peel and Moringa oleifera peel in removing Reactive Black 5 dye from aqueous solutions under various conditions, such as pH, temperature, and initial dye concentration.
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colour removal efficiency%




4 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	62	81	95	136	167	6 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	51	69	88	112	159	8 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	38	61	81	109	152	10 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	20	57	73	96	136	12 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	12	35	41	88	128	no adsorbant	pH 2	pH 4	pH 6	pH 8	pH 10	212	212	238	238	238	pH


equillibrium concentration




4 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.70754716981132071	0.61792452830188682	0.60084033613445376	0.42857142857142849	0.29831932773109238	6 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.75943396226415094	0.67452830188679247	0.63025210084033612	0.52941176470588225	0.33193277310924363	8 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.82075471698113212	0.71226415094339623	0.65966386554621848	0.54201680672268904	0.36134453781512599	10 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.90566037735849059	0.73113207547169812	0.69327731092436973	0.59663865546218486	0.42857142857142849	12 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.94339622641509435	0.83490566037735847	0.82773109243697474	0.63025210084033612	0.46218487394957974	pH


colour removal efficiency%




4 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	222	286	296	323	372	6 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	201	259	272	295	345	8 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	196	237	263	286	329	10 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	186	226	252	269	312	12 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	187	217	247	262	306	no adsorbant	pH 2	pH 4	pH 6	pH 8	pH 10	550	550	550	580	580	pH


equillibrium concentration




4 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.6	0.48	0.46	0.44	0.36	6 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.63	0.53	0.51	0.49	0.41	8 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.64	0.56999999999999995	0.52	0.51	0.4327586206896552	10 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.66	0.59	0.54	0.54	0.46	12 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.66	0.61	0.55000000000000004	0.55000000000000004	0.47	pH


colour removal efficiency%




4 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	347	389	412	492	541	6 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	331	378	381	449	536	8 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	317	372	386	446	521	10 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	309	351	372	427	502	12 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	289	345	421	429	462	no adsorbant	pH 2	pH 4	pH 6	pH 8	pH 10	721	721	743	743	743	pH


equillibrium concentration




4 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.52	0.46	0.45	0.34	0.27	6 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.54	0.48	0.49	0.4	0.28000000000000003	8 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.56000000000000005	0.48	0.48	0.4	0.3	10 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.56999999999999995	0.51	0.5	0.43	0.32	12 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.6	0.52	0.43	0.42	0.38	pH


colour removal efficiency%




4 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	347	389	412	492	639	6 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	331	378	381	449	627	8 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	317	372	386	446	596	10 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	309	351	372	427	581	12 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	383	396	421	429	583	Column1	pH 2	pH 4	pH 6	pH 8	pH 10	921	921	983	983	983	pH


equillibrium concentration




4 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.62323561346362655	0.57763300760043435	0.58087487283825023	0.49949135300101732	0.34994913530010174	6 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.64060803474484262	0.5895765472312704	0.61241098677517802	0.54323499491353	0.36215666327568663	8 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.65580890336590669	0.59609120521172643	0.60732451678535093	0.54628687690742628	0.39369277721261442	10 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.66449511400651473	0.61889250814332253	0.62156663275686674	0.56561546286876907	0.40895218718209569	12 gms/lit	pH 2	pH 4	pH 6	pH 8	pH 10	0.58414766558089037	0.57003257328990231	0.57171922685656162	0.56358087487283826	0.40691759918616488	pH


colour removal efficiency%
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