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Abstract 

 

An adsorbent has been prepared from spent pot liner, an aluminum industry solid waste. Surface 

activation of SPL is performed using leaching process. Leaching process employed variation 

factors like L/S ratio, acid-alkaliconcentration. Optimized leaching process is used for further 

adsorption study. Investigation has been made to explore the possibility of this adsorbent for 

liquid phase adsorptive removal of methylene blue (MB). Comparative study of raw and 

activated adsorbent has been performed to investigate effect of activation process. Optimization 

and designing of experiment is performed using response surface methodology. Initial dye 

concentration, adsorbentdose, contacttime, pH, temperature were found as significant factor for 

adsorption of MB dye. Optimization of raw and acidic-alkali treated SPL shows that treated SPL 

is effective and economical feasible compared to raw SPL.Adsorption isotherms study 

Experiment yields excellent fits for raw SPL adsorption asRedlich-

Peterson>Freundlich>Langmuir>Temkin. Similarly, this order changed for acid-alkali treated 

SPL as Temkin>Redlich-Peterson >Freundlich>Langmuir. 

Key word: - Spent pot liner; L/S (liquid to solid ratio); Response Surface Methodology; MB 

adsorption; adsorption isotherms. 
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CHAPTER 1 
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INTRODUCTION 
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1. Introduction 

With rapid industrialization serious issues relating to Environmental pollution caused by various 

industries is a concern to mankind. Typical industries such as metal production industry, dye 

industry, mineral processing industry etc are a major source of environmental pollution. 

Among the metal industries, Aluminumindustry is currently facing a major problem of solid 

waste. Spent pot-lining (SPL), a waste produced has been associated with primary aluminum 

production ever since the Hall-Héroult process became the technology of choice for the 

reduction of alumina to aluminum metal, is a major challenge today.SPL content varies 

considerably from smelter to smelter. The statistical analysis of SPL production as per every tone 

of aluminum produced is approximately 50 kg. On a global basis the total amount of SPL 

generated is estimated to be in the range of 800,000 tons per year [Pawlek, R. P., 1999]. Past 

technique dealing withSPL management is to dump it in rivers or in the sea, and store it in open 

dumps or land filling. SPL was declared a hazardous waste by EPA in 1988 due to high 

leachable fluoride content (wt.20%) and cyanide (wt.1%). However, as the waste is associated 

with these toxic inorganic compounds an alternate method is demanded which can be 

environmentally acceptable. As a result SPL has recently been stored in secured landfills where 

it is covered with heavy plastics. Alternatively it is stored in sheds that have a concrete base. 

These storagearrangements are not permanent solution to this issue as they are not only 

uneconomical but also are unlikely to meet the increase in generation of SPL. So an explicit 

research work is essential to investigate the leachable inorganic matter from the waste and also 

utilize it. 

Beside the solid waste the waste water generated from different industries has been a concern to 

the environmentalist too. Dye produced by industry, typically Methylene Blue has been found to 

be toxic to aquatic life. Methylene blue is harmful if swallowed, inhaled or in contactwith skin. It 

causes severe eye irritation, including carcinogenicity, reproductive and developmental toxicity, 

neurotoxicity, and acute toxicity [Runping Hanaet al., 2006]. 

Thus this current investigation is carried out in a lab scale to reduce the inorganic content of the 

waste (SPL) and utilize it as an adsorbent to treat an industrial pollutant such as Methelyne Blue 

(MB) through adsorption technique. 
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2.1 Sources of spent pot liner 

Spent pot liner is produced from the AluminiumIndustry. Aluminium production in India 

commenced in 1938 with the commissioning of Aluminium Corporation of India's (Indal) plant in 

collaboration with Alcan, Canada having a capacity of 2,500 ton per annum. It started with sheet 

production using imported aluminium ingots. In 1959, Hindustan Aluminium Corporation was set up 

at Renukoot, UP with an initial capacity of 20,000 ton per annum. Madras Aluminium Corporation, 

a public sector undertaking was commissioned then in 1965 with a capacity of 10,000 ton per annum 

followed by Balco in 1975, a PSU with a similar capacity of 10,000 ton. Finally in 1987, National 

Aluminium Company, a PSU with a capacity of 0.218mn ton was commissioned in collaboration 

with Pechinery of France. In 1970s, the government brought aluminium industry under control 

through price distribution controls and barriers to entry. The 1970 Aluminium Control Order forced 

the Indian companies to sell 50 % of the aluminium produced for electrical purposes. Then the 

government decontrolled the industry in 1989 with the removal of the Aluminium Control Order 

with subsequent de-licensing the industry in 1991 and allowing the liberal import of capital goods 

and technologies. The aluminium demand grew at 6 % in the 80s. Aluminium demand post 

liberalization registered a growth rate of 12%. This coupled with the increase in the global 

aluminium prices ($1800/ ton in 1994) led to increased investments in this sector. The downstream 

capacity in the aluminium industry spurted due to sufficient duty differential between aluminium 

ingots or primary metal and value added downstream products. In March 1993 while the duty on 

aluminium ingots was 25% the duty on downstream products was 70%. However with the change in 

the tariff structure undertaken in the 1997 budget, duty on semi-fabricated metal was lowered to 

25%. This change adversely affected the fortunes of the downstream producers. 

Production of aluminium occurs in various steps,   

� The mining of bauxite ores, 

� The refining of bauxite to produce alumina (Al2O3),  

� The reduction of alumina to aluminium metal 

� Casting of the molten aluminium. 

Spent spot liner is generated in third step of aluminium production; also this step in detail is 

discussed below as electrolysis of alumina.  



 

 

2.1.2 Electrolysis of Alumina 

 General 

Since the discovery of the process by Hall and Héroult, nearly all aluminum 

alumina (Al2O3) dissolved in a molten cryolite (Na

Fig a :Hall

The aluminum is deposited molten onto a carbon cathode, which also serves as the melt container. 

Simultaneously, oxygen is deposited on and consumes the cell's carbon anode(s).

Pure cryolite melts at 1012°C but alumina and additives, namely 5

fluoride, and 0-7% lithium fluoride, lower the melting point, allowing operat

Na3AlF6– Al2O3 has a eutectic at 10.5 wt % Al

Joule heating from the flow of electric current is more than adequate to maintain the melt temperature.

Since the discovery of the process by Hall and Héroult, nearly all aluminum has been produced by electrolysis 

) dissolved in a molten cryolite (Na3AlF6)-based bath.  

Hall-Heroult Cell With process Flow Diagram 

The aluminum is deposited molten onto a carbon cathode, which also serves as the melt container. 

multaneously, oxygen is deposited on and consumes the cell's carbon anode(s). 

Pure cryolite melts at 1012°C but alumina and additives, namely 5-7% calcium fluoride, 5

7% lithium fluoride, lower the melting point, allowing operation at 940

at 10.5 wt % Al2O3 at 960°C 

Joule heating from the flow of electric current is more than adequate to maintain the melt temperature.
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has been produced by electrolysis 

 

The aluminum is deposited molten onto a carbon cathode, which also serves as the melt container. 

7% calcium fluoride, 5-7% aluminum 

ion at 940-980°C. The system 

Joule heating from the flow of electric current is more than adequate to maintain the melt temperature. 
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2.1.3 Chemistry 

Although the mechanism of electrolysis is still imperfectly understood, most investigators agree that 

cryolite ionizes to form hexa-fiuoroaluminate (AlF6
3-), which dissociates to form tetra-fluoroaluminate (AlF4

-

), sodium (Na+), and fluoride (F-) ions: 

                                                 (1b) 

Alumina dissolves at low concentrations by forming oxy-fluoride ions with a 2:1 ratio of aluminum to 

oxygen (Al2OF2n
4-2n); at higher alumina concentrations, oxy-fluoride ions with a 1:1 ratio of aluminum to 

oxygen (AlOFn
1-n) are formed 

                          (1a) 

Cells are generally operated with 2-6 wt % A1203 in the electrolyte. Saturation ranges between 7-12% 

Al2O3 depending upon composition and temperature. 

Ion transport measurements indicate that Na+ ions carry most of the current; however, aluminum is 

deposited. Most probably a charge transfer occurs at the cathode interface and hexa-fluoroaluminate ions are 

discharged, forming aluminum and F- ions to neutralize the charge of the current carrying Na+ ions. 

2.1.4 Characteristics of spent pot liner 

2.1.4.1 Spent pot liner  

It is a waste from smelter plant and is composed of carbon, refractory material from insulating 

refractory bricks and cryolite, including fluorine, aluminium, sodium,and calcium and silicon 

values, along with free and complex cyanides, carbides and nitrides which is hazardous and must 

be treated with great caution. 
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2.1.4.2 Spent Pot Linings (SPL):  

Spent pot liners are various forms of cuts produced. Each cut has different property and 

composition of element,compoundetc.Hazardous waste produced during the dismantling of used 

electrolytic cells (about 25-30 Kg of waste per ton of primary aluminum). It is divided in two 

categories:  

� Cut one or first cut (carbon fraction from the cathodes),  

� Cut two or second cut (refractory material).  

Fig below represent cut one and second spent pot liner material. It is clearly seen that various 

layers had been formed in spent pot liners called as spent pot linings .In our investigation we 

have used the SPL (first cut fraction) due to its high carbon content. 

Table1: compositionofspent pot linings 

 

 

Components  Both cuts together 

(100%)  

1
st
 cut Carbonaceous 

(56%)  

2
nd

 cut Refractory 

(44%)  

Carbon  33.1  54-64  18.2  

Total fluoride  15.7  6-20  4-10  

Free alumina  22.3  0-15  10-50  

Total aluminium 15.1  5-15  12.6  

Total sodium  14.2  5-12  12.0  

Calcium  1.8  0.5-4  1-6  

Quartz  2.7  0-6  10-50  

Phosporous 0.3  0-650 g/t  0-300 g/t  

Sulphur 0.1  0.1  0.1  
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Fig1.Spent pot linings 

2.2 Methylene blue dye 

2.2.1 Importance of methylene blue 

Methylene blue, a basic dye, is a heterocyclic aromatic chemical compound with a diverse 

application in different fields such as dyeing of silk, leather, paper, wool and cotton, and the 

production of ink andcopying paper, as well as the quality control test of concrete and mortar. 

Methylene blue (MB) was immensely used as the synthetic drug and was the very first fully 

synthetic drug used in medicine. In year of 1891 it was applied by Paul Guttmann and Paul 

Ehrlich for the treatment of malaria, and this application has recently been revived [Coulibaly et 

al., 2009]. MB has been proved to be useful in various types of diseases treatment. In recent 

years there was a surge of interest in MB as an ant malarial agent and as a potential treatment of 

neurodegenerative disorders such as Alzheimer’s disease (AD), possibly through its inhibition of 

the aggregation of tau protein. Here we reviewed the historyand medical applications of MB, 

with emphasis on recent developments [R. HeinerSchirmer et al.,2011] Recent research suggests 

that methylene blue, toluidineblue, and other 3,7-diaminophenothiazinium-based on redox 

cyclers induces selective cell of cancer, also  methelyne blue investigated applied combined with 

photodynamic treatment of cancer.Since its reduction potential is similar to that of oxygen and 

can be reduced by components of the electron transport chain, large doses of methylene blue are 

sometimes used as an antidote to potassium cyanide poisoning, a method first successfully tested 

in 1933 by Dr. Matilda Moldenhauer Brooks in San Francisco[Matilda 1936]. 
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2.2.2 Characteristics of methylene blue 

Methylene blue which is a heterocyclic aromatic chemical compound is shown in Figure 2. The 

molecular formula is C16H18N3ClS and is also called 3, 7-bi (dimethylamino)-phenazathionium 

chloride or tetramethylthionine chloride. Its molecular weight is 320g/mol. At room temperature 

it appears as a solid, odorless, and dark green powder, that yields a blue solution when dissolved 

in water. The properties of methylene blue are shown in table [2] 

 

Fig.2 –structure of methylene blue 

 

Table.2 properties of methylene blue 

 

 

 

 

 

 

 

 

 

 

Properties  

General 

Molecular formula 

Molar mass 

Appearance 

Physical and chemical 

properties 

Melting point 

Boiling point 

Solubility in water(g/100ml) 

 

C16H18N3ClS 

319.85 

Solid 

 

100-110(with 

decomposition) 

Decomposes 

4(20°C) 
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2.2.3 Harmful effects and sources of methylene blue  

Textile industries use dyes or pigments in their finishing process of final products. Commonly 

used dyes such as malachite green, methylene blue,etc are used for dyeing cotton and silk. They 

have a negative impact to environment because of their synthetic origin and complex aromatic 

structures that do not degrade when discharged in waste water steams, a phenomenon proved by 

investigators [ Ho YS et.al., 2005; Lachheb, 2002; Gregorio, 2006; Sreedhar, 2006; Bidhendi, 

2007]. Methylene blue is harmful if swallowed, inhaled or contacted with skin. It causes severe 

eye irritation, including carcinogenicity, reproductive and developmental toxicity, neurotoxicity, 

and acute toxicity. Generally, methylene blue is mostly produced from the textile industries in 

terms of wastewater which is high in both color and organic contents. Therefore, the effluents 

discharged from such dyeing industries are highly colored; in which methylene blue can be toxic 

to aquatic life in receiving water [PitsanuKhorboot, 2009].At present, 100000 different types of 

dyes with annual production rate of 7×105 are produced. Among them textile industries consume 

about 36000 ton/year dye, 10 to 20 percent of which remains in wastewater [Espulgas, 2002; 

Gregorio, 2006]. 

2.2.4 Methods of treatment of Methylene blue in wastewater  

Several methods are used to treat the waste water contaminated with dye such as ion-exchange 

process, chemical oxidation, adsorption, biological methods etc. Most of the processes are either 

costly or are not effective in removing the dye to its permissible limit. Among these processes, 

adsorption is the most suitable technique employed to treat large volume of industrial waste. 

2.2.4.1 Adsorption: 

Adsorption is a process in which ions or compounds gets accumulate on another solid or liquid. 

The substance on which the adsorption takes place is known as adsorbent and the substance, 

which gets adsorbed, is called adsorbate. Based on the extent of attraction between the adsorbent 

and adsorbate, the adsorption process can beclassified into two types: 

� Physical adsorption or VanderWaal’s adsorption 

� Chemisorptions 

Adsorption process is considered an effective method for removal of dyes, pigments etc because 

of reliability,economical reason and feasibility. In large scale treatment of industrial effluent, it is 
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only method considered to be most effective.  The effectiveness of adsorption phenomenon 

depends upon surface area. 

Adsorption process having various advantages is widely used for waste water treatment 

� availability of adsorbent 

� utilization of solid industrial waste as adsorbent 

� economically feasible operation cost 

� Regeneration of adsorbent 

� Capacity of removal in wide range of pH  

� Environmentally and technically feasible process 

 

NagarethinamKannan and MariappanMeenakshiSundaram, (2001) studied the adsorption kinetic 

and mechanism of methylene blue on commercially and indigenously prepared activated carbon. 

They have demonstrated the influence of varying parameters such as pH of the MB solution, 

contact time, initial concentration of MB, adsorbent dosage etc on methylene blue adsorption on 

the adsorbent. The experimental data was compared to different adsorption isotherms and their 

validity was proved. 

Garg et al., (2004)investigated the treatment of MB dye in trace quantities in waste water using 

Indian rosewood sawdust. Indian rosewood sawdust was pretreated with formaldehyde and 

sulphuric acid to improve its surface properties. 

Wang et al., (2005) used Fly ash and red mud, two industrial solid wastes as adsorbent to remove 

MB from the waste stream. Similar effort had been employed by treating this waste by nitric acid 

and used as adsorbent for removal of methylene blue. The observed that acid treatment reduced 

the mineral matter present in the solid waste and thus improved its carbon content. 

Hana et al., (2006) in this work agriculture waste product cereal chaff is employed as adsorbent 

to treat the MB waste water. In this study effect of pH, initial concentration, temperature, and 

contact time was studied to investigate the efficiency of MB removal. The experimental data 

were analyzed for adsorption isotherms. 

Hameed et al., (2007) in this research work activated carbon prepared from rotten sawdust was 

employed as adsorbent for methylene blue removal. The experimental data were analyzed by 
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using various adsorption models like Langmuir and freundlich. They also studied the rate of 

adsorption such as pseudo first order and pseudo second order. 

Hana et al., (2009) studied the removal of methylene blue using natural zeolite in batch process. 

The have found that temperature was directly proportional to adsorption efficiency. Among the 

various adsorption models, Redlich-petersons fitted the experimental data most effectively. 

Kumar et al., (2011) studied the removal of methylene blue using cashew nut shell. He studied 

the influence of solution pH, temperature, initial concentration, contact time on the rate of 

adsorption. Various types of isotherms were analyzed to experimental data. 
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2.4 Objective of project –    

“To utilize spent pot lining, a waste from aluminum industry as an adsorbent for adsorption of 

methylene blue” 

2.4.1 Specific objective – 

- Enrich the carbon content of SPL sample using leaching process. 

- Optimization of the leaching process at different acidic and alkaline concentration, L/S 

ratio,temperature. 

- Surface characterization of the developed adsorbent 

- Application of developed adsorbent for methylene blue dye removal. 

 

- Adsorption isotherms study for methylene blue removal 
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CHAPTER 3 

_______________________________________ 

 

MATERIALS AND METHODS 
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3.1 Materials  

Apparatus 

 

 

 

 

 

INSTRUMENTS MAKE USE 
   
Electronic weight balance Sartorius quantitative measurement  

   
Shaker Environmental orbital shaker Stirring action 

   
Oven Shivaki drying 

   
pH meter EuTechInstrumentspH 510 Measurement of pH 

   
Incubator orbital shakers Environmental orbital shaker 

(DENEB INSTRUMENTS) 
Shaking at fixed temperature and rpm 

   
Spectrophotometer Jasco (V-530) Measurement of methylene blue dye 

concentration 
   
Muffle furnace  proximate analysis 

   
Hot air Oven  proximate analysis 

   
   
Scanning electron 
microscope(SEM) 

 Analysing morphological structure of 
raw and adsorbed sample 

   
   
X-ray diffraction (XRD)  Mineralogical information of raw and 

adsorbed sample 
   
  Ball mill  

 
Crushing spent pot liner to uniform size 



 

 

 

 

 

 

 

 

 

Fig 2.1: pH meter 

Fig 2.2: incubator shaker  

 

 

 

 

 

 

Fig 2.3: muffle furnace 
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 Fig 2.4: hot air oven 

 

 

Reagent 

1. Hydrochloric acid (HCl) 

2. sodium-hydroxide (NaOH) 

3. Methylene blue 
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Research methodology 

 

Collection of sample from aluminum 

production industry 

Treatment of sample through leaching 

process 

Rising  processed sample  with distilled 

water

Pyrolysis of  sample 500 to 700°C 

Characterization  of 

sample after adsorption

Selection of sample(raw ,acid and 

alkali treated, pyroylised) through 

preliminary adsorption studies  

Characterization of   raw 

sample 
Proximate Analysis

CHNS Analysis

SEM Analysis 

TGA Analysis

XRD Analysis 

BET  surface area  

Acid leaching 

Base  leaching 

FTIR   Analysis 

Application  of selected sample for methylene blue dye 

removal  designing of experiments using response 

surface method

Optimization and 

Adsorption studies 

Adsorption  isotherms 

Effect of adsorbate

concentration

Effect of PH

Effect of Time

Effect of adsorbent 

dose

Effect of 

Temperature

 

Fig B: methodology chart of project 
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3.2 Methods 

3.2.1 Collection of sample 

   All used chemical reagents were analytical grade. A first cut SPL sample obtained from 

Vedanta Aluminium Ltd. Jharsuguda, Odisha, about 300 km from Rourkela . The SPL obtained 

fromaluminium reduction cell was dried at 110°C for 2 hours and then crushed in a hammer and 

then dried and sieved to recover size fractions that can pass through the 52 BSS sieve or 300 

micron sizes. 

3.2.2 Treatment of sample 

All the leaching experiments were run in an orbital shaker sat 120 rpm at 500C. All the 

experiments are done at various concentrations of acid and alkali to obtain the optimum leaching 

percentage as shown in the table [3].The first cut SPL was treated with different Liquid to solid 

ratios (L/S) acid followed by alkaline and the final leached SPL was analyzed by the above 

methods. 

Table 3: process parameters condition for leaching experiment 

Steps  Concentration  Temperature(0C) L/S ratio(cm3/g-1) 

Acidic leaching(HCL)  5M 50 1.5-4.5 

Alkaline 

leaching(NaOH) 

2.5M 50 1.5-4.5 

 

3.2.3 Pyrolysis of treated spent pot liner 

Pyrolysis was performed on the optimum treated SPL samples. Pyrolysis is carried out in an inert 

atmosphere to reduce oxidation and at the same time increase the carbon content by removing 

the volatiles.  

3.2.4 Selection of adsorbent sample for adsorption study:- 
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Sample selection is important task, before designing the adsorption study. Selection of the 

optimum sample was based on MB adsorption study. Sample that indicated maximum adsorption 

capacity was selected for further experimentation. 

3.2.5 Characterisation of spent pot liner 

3.2.5.1 Thermo gravimetric Analysis 

Thermo gravimetric analysis (TGA) is a method of thermal analysis in which changes in physical 

and chemical properties of materials are measured as a function of increasing temperature (with 

constant heating rate), or as a function of time (with constant temperature and/or constant mass 

loss). 

3.2.5.2 Proximate analysis-  

 This is used for determination of the moisture content, volatile matter content, ash content, 

fixed-carbon content, and calorific value of a coal. The moisture analysis was done at 1100 C for 

1.5 hrs. The analysis of ash content is performed at 7500C for 1.5 hrs; volatile matter at 9250C 

for 7 mins. And finally fixed carbon was obtained by difference and the results are verified by 

repeating the experiments thrice. 

    MOISTURE CONTENT 

                       A = 100 ×
(DEF)

(GEF)
                           (2) 

 Where     G=Mass of empty crucible, 

                B= mass of crucible plus sample, 

                F= mass of crucible plus ashes sample, 

VOLATILE MATTER: 

H = 100 ×
100 × (I − K) − L ∗ (I − N)

(I − N) × (100 − L)
                       (3) 

 

Where, B= mass of crucible with lid plus sample, 

           G=Mass of empty crucible, 
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           F= mass of crucible with lid plus ashes sample, 

 

FIXED CARBON CONTENT 

Fixed Carbon content is calculated by 

% OAPIQR = 100 − (%HQSATUSVLATTVP + %LQUXTYPVOQRTVRT + %AXZ)      (4) 

 
 3.2.5.3 Ultimate or CHNS analysis - 

Determination of mass fraction of Carbon, Hydrogen, Nitrogen,Sulphur. 

3.2.5.4 FTIR analysis:-Fourier transforms spectroscopy 

It is a measurement technique whereby spectra are collected based on measurements of 

the coherence of a radioactive source, using time-domain or space-domain measurements of 

the electromagnetic radiation or other type of radiation. It can be applied to a variety of types of 

spectroscopy including optical spectroscopy, infrared spectroscopy (FTIR, FT-NIRS), nuclear 

magnetic resonance (NMR) and magnetic resonance spectroscopic imaging (MRSI), mass 

spectrometry and electron spin resonance spectroscopy. There are several methods for measuring 

the temporal coherence of the light, including the continuous wave Michelson or Fourier 

transform spectrometer and the pulsed Fourier transform spectrograph (which is more sensitive 

and has a much shorter sampling time than conventional spectroscopic techniques, but is only 

applicable in a laboratory environment). It is employed to study the functional groups present on 

the developed sample. 

 3.2.5.5 SEM analysis:-  

It is utilized for the high magnification of almost all the materials. With SEM analysis we can 

understand the morphological structure of the developed adsorbent. 

3.2.5.6 XRD analysis:- 

 (Mineralogical information on the sample’s major components)Solid samples were 

characterized by powder X-ray diffraction (XRD) using a Hiltonbrooks X-ray powder diffraction 

set consisting of a Hiltonbrooks 3 kW generator model DG3 (40 kV, 20 mA), detector control 
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module and step motor drive module. It was equipped with a Philips PW 1050 goniometer and a 

proportional detector. The X-ray generator consists of a Seifert copper long fine focus X-ray tube 

for Cu Kα radiation at 1.5406 Å, a Sietronics curved graphite monochromatic, and a Ni filter to 

absorb Cu Kβ radiation. It helps us to understand the crystalline or powdered characteristics of 

the material. 

3.2.5.7 BET analysis:- 

Brunauer–Emmett–Teller (BET) surface analysis is physical adsorption of gas molecules on 

a solid surface and serves as the basis for an important analysis technique for the measurement of 

the specific surface area of a material. Higher the surface area better is the adsorption behavior of 

the adsorbent. 

3.2.6 Experimental design and optimization of adsorption parameters 

3.2.6.1 Definition of Experiment design  

In an experiment, we deliberately change one or more process variables (orFactors) in order to 

observe the effect of the changes that will have on one or more response variables. The 

(statistical) design of experiments (DOE) is an efficient procedurefor planning experiments so 

that the data obtained can be analyzed to yield valid and objective conclusions. [Engineering 

handbook of statistics]. Practical experiments are performed to prove theories and hypothesis, 

like wise in this work we are designing, analyzing our data systematically. very considerably 

conducting experiment brining out parameters or factors which influencing degree more ,process 

previously conducting experiments were very time consuming ,tedious jobs, also we can develop 

mathematical model to improvement of process. In statistical analysis experimental inputs 

knowingly changes to study output response of process.   

3.2.6.2 Objective of experimental designing  

� To evaluate those variables which have most influential effect on Response. 

� To get empirical model depending on independent variables so that response is almost 

desired value maximization or minimization. 

� To minimize uncontrolled variables on output response. 

� To find optimal process parameters. 
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3.2.6.3 Uses of experimental design 

� Selecting key factors 

For any process generally there are large numbers of process factors involved, some of it having 

critical zone, medium, and no effect on response. But our desirability is to select factors which 

have critical response. Given any changes in the input variable there is large effect on output 

which is the basis of selecting the key factors. In our experimental process we have selected key 

factors based on 

� Maximizing or minimizing response 

Our response is main concern or object of experimentation; it may vary according to 

experimentation maximization or minimization. But our response maximizes the percentage 

removal.  

3.2.6.4 Steps to choose experimental design 

� Set objective of experiment 

Whole planning, designing of experiment will begin with what are objective of our work or 

experiment. Objective decides direction of experiment. 

� Selecting process variables and levels 

Selecting variables which are primary, secondary are necessary to have really good model and 

process improvement. In fact selecting variable those do not have considerable effect on 

response is a sheer waste of time, energy etc. Then levels are selected based on which region is 

considered valuable for particular variables that may vary parameters invariably. 

� Selecting experimental design method  

This is very vital steps to select experimental designing method, because there are various 

method of choices available but which method is appropriate to our system should be well 

distinguish. However all this completely depends on our objective and number of factors 

considered. Various available methods are 

� Full factorial design 

� Randomized block design 
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� Placket-burman design 

� Response surface design 

� Three level full factorial design 

3.2.6.5 Response surface methodology 

3.2.6.5.1 Objective of method 

This method gives an estimate to evaluate interaction and quadratic effects on the responses. The 

characteristics give an idea of the (local) shape of the response surface for which reason it is 

called as response surface methodology (RSM) design. 

3.2.6.5.2 Application of response surface methodology 

 Experimental design of the adsorption of methylene blue process was carried out by using the 

RSM. RSM is a collection of mathematical and statistical techniques that are beneficial for the 

modeling and analysis of problems in which a response of interest is influenced by several 

variables and the objective is to search the optimum conditions of variables to predict targeted 

responses. RSM consists of an empirical modeling technique devoted to the evaluation of 

relations existing between a group of controlled experimental factors and the observed results. 

RSM is an important branch of experimental design and a critical methodology adopted in 

developing new processes, optimizing their performance and improving design and formulating 

new products. The most extensive applications of RSM are in industrial research, particularly in 

situations where several input variables influence the process performance measure. This process 

performance measure is called the response and the input variables are called independent 

variables [R.H. Myers, D.C. Montgomery]. 

  Response surface procedures are not primarily used for the purpose of understanding the 

mechanism of the system or process; rather their purpose is to determine the optimum operating 

conditions or to determine a region for the factors in which certain operating specifications are 

met [R.H. Myers, D.C. Montgomery]. 

In this study, the Central Composite Design (CCD), which is a widely used form of RSM, was 

selected for the optimization of EC process used for the removal of methylene blue. 
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  The CCD (N as a number of experiments) consists of 2n axial runs with 2n factorial runs and 

nCcentre runs where n is the number of independent variables (Eq. (5)). This design is full central 

composite design but we applied half central composite design. 

nC= 6 , nA=10, nF=16 

 

        N  =  2n  + 2n + nC                                    (5) 

  The CCD is an ideal design tool for sequential experimentation and allows testing the lack of fit 

when an adequate number of experimental values are available. In the present study of thirty two 

experiments was employed for response surface modeling. The variables (independent factors) 

used in this study were: the PH(X1 ), time (X2 ) and initial concentration of adsorbate (X3 

),adsorbent dose((X4 ) ,temperature (X5 ),  percentage adsorption (Y) was considered as the 

dependent factor (response). The actual values of process variables and their variation limits 

were selected based on the values obtained in preliminary experiments. Performance of the 

process was evaluated by analyzing the response of Methylene blue removal efficiency 

3.2.6.6 Data analysis 

For the evaluation of experimental data, the response variable was fitted by a second-order 

model in the form of quadratic poly-nominal equation given below; 

 

       Y = b0+bi Xi +bii Xi
2 +bijXiXj              (6) 

where Y is the predicted response (adsorption percentage removal, %) used as the dependent 

variable; Xi (i = 1 to 5) are the variables or independent factors are called main effects, XiXj (i = 

1to 5; j = 1 to 5) are variables called interaction effect and b0, bi (i = 1, 2 and 3), bii and bij (i = 1, 

2 and 3; j = 1, 2 and 3) are the model coefficients, respectively.  

Experimental data were analyzed using Design-Expert 7.1.3 pro-gram including ANOVA to 

obtain the interaction between the process variables and the response. Two-dimensional contour 

plots and three-dimensional curves of the response surfaces were developed using the same 

program. 
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3.2.6.7 Optimization  

Optimization of the methylene blue adsorption was carried out by using the Design-Expert 

program 7.1.3 trial version. The optimization module in Design-Expert searches for a 

combination of factor levels that simultaneously satisfy the requirements placed on each of the 

responses and factors. According to the optimization step of the program, the desired goal for 

each variable parameters and response (methylene blue adsorption) should be chosen. The 

possible goals are: maximize, minimize, target, within range, none (for responses only) and set to 

an exact value (factors only). The goals are then combined into an overall desirability function. 

The pro-gram seeks to maximize this function. The goal seeking begins at a random starting 

point and proceeds up the steepest slope to a maximum. There may be two or more maximums 

because of curvature in the response surfaces and their combination into the desirability function. 

By starting from several points in the design space chances improve for finding the “best” local 

maximum [Design-Expert R Software]. 

We apply this optimization technique in to our present research work; our goal is to optimize 

parameters in such permutation and combination of input parameters to have maximum 

percentage adsorption. This will be discussed in details in result and discussion chapter. 

3.2.7 Adsorption isotherms 

Adsorption isotherms employed to determine the characteristics of adsorbents such as pore size, 

volume, and energy distribution, specific area etc. Adsorption mechanism can be easily studied 

by using adsorption isotherms. It mainly gives information of the adsorbent and adsorbate 

molecules. Firstly, they help to determine, the possibility to reach a desired adsorption capacity. 

Secondly, the isotherm allows calculation of uptake (qe) at equilibrium, which has a major 

impact on the process economy. It can also be used to predict the relative performance of 

different types of adsorbents. Different adsorption isotherms studied are 

� Langmuir adsorption isotherm 

� Freundlich adsorption isotherm 

� Temkin  adsorption isotherm 

� Redlich Peterson isotherm 

3.2.7.1 Langmuir adsorption isotherms 

Langmuir isotherms based on following assumption 
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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 each other, already adsorbed, molecules of adsorbate, only on the free surface 

of the adsorbent. 

This Langmuir equation applicable to chemisorptions with some limitation to process of physical 

adsorption so it can  be  used to   describe   equilibrium condition for the sorption process in 

different adsorbate- adsorbent system The Langmuir equation is given by: 

       Qe= (QL*b*Ce)/ (1+b*Ce)           (7) 

Ce= Equilibrium concentration (mg/l) 

Qe= Equilibrium uptake capacity (mg/g) 

QL= maximum uptake capacity 

 b = Langmuir constants  

 

Source: Cheremisinoff and Morresi (1987) 



 Page 28 
 

Langmuir isotherms plot of Ce/ qe versus Ce for adsorption isshown in Figure. Furthermore, the 

plot of Ce/qe versus Ce gives straight line withslope 1/Qo is obtained. The Langmuir constants b 

and Qo are calculated from thisIsotherm. 

3.2.7.2 Freundlich adsorption isotherms  

Freundlich adsorption isotherm was given byBoedecker in 1895as an empirical equation. Later 

Freundlich (Freundlich, H., 1926) made some useful modifications because of its modification, it 

assumed great importance.  

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. The Freundlich 

adsorption equation can be written as 

                                  Qe = Kf*Ce^(1/n)                   (8)    

                            Log Qe = log Kf+ (1/n)*LogCe             (9)  

                                                         

Ce= Equilibrium concentration (mg/l) 

qe = Equilibrium uptake capacity(mg/g) 

Kf is the Freundlich constant and 

nth Freundlich exponent.  



 Page 29 
 

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  

Source: Cheremisinoff and Morresi (1987) 

3.2.7.3 Temkin Isotherm 

Temkin isotherm model contains a parameter that gives relation between for the interaction of 

adsorbate and adsorbing species. 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. Opposite to that of Fredulich model, it assumes that fall in heat of adsorption is linear 

form instead of Logarithmic. The equation can be expressed as: 

                  Qe = ((R*T)/ (Bt))*(1/2.303)*(log (At*Ce))                      (10) 

Where BT = RT/Bt, qe (mg/g) and Ce (mg/L) are the amount of adsorbed dye per unit weight of 

adsorbent and unabsorbed 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 lnCe, respectively. The 

isotherm data were calculated from the least squares methods 
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3.2.7.4Redlich-peterson isotherm 

Jossens and co-workers modified the three parameter isotherm first proposed byRedlich and 

Peterson (1959) to incorporate features of both the Langmuir andFreundlich equations .It can be 

described as follows: 

                Qe= (Kr*Ce)/ (1+Ar*Ce^p)                      (11) 

Ce= Equilibrium concentration (mg/l) 

p = Redlich-Peterson isotherm exponent 

Kr,Ar = Redlich-Peterson isotherm constant 

At low concentrations the Redlich-Peterson isotherm approximates to Henry’s lawand at high 

concentrations its behavior approaches that of the Freundlich isotherm. 
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CHAPTER 4 

_______________________________________ 

RESULT AND DISCUSSION 
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4.1 Treatment of sample 

Raw sample collected from industry is passed through leaching process to purifying or remove 

the impurities. Leaching of the SPL sample was conducted at varying solid to liquid ratios (L/S) 

individually using acid followed by alkali. 

4.1.2 Acidic leaching& Alkaline leaching:- 

4.1.2.1 Acidic leaching 

 From the XRD analysis,we obtained the peaks of NaAl11O17 and CaF2. For purifying solid 

carbon and recovering fluorides, HCl leaching was carried out on the both raw SPL and Water 

washed SPL to separate carbon from NaAl11O17 and CaF2. In the HCl leaching process, 

NaAl11O17 is converted to soluble AlCl3 and NaCl, while a part of CaF2 is converted to CaCl2 

and HF by reactions (11) and (12). 

NaAl11O17+34HCl=NaCl+11AlCl3+17H2O                 (12)  

CaF2+2HCl=CaCl2+2HF (g)                                        (13) 

The solid carbon and acidic leaching solution were obtained after filtering. And the acidic 

leaching solution was kept to precipitate Na3AlF6. 

 

4.1.2.2 Alkaline leaching:- 

After Acidic treatment, the SPL samples were leached in 2.5 mol/L NaOH solution for 4 h at 50 

°C, and the L/S ratio varied in the range of 1.5-5.5 cm3/g. The results are shown in Table 2. It 

can be seen that the leaching rate of soluble compounds increases with increasing the L/S ratio in 

the range of 1.5-4.5. When the L/S goes up to 4.5, the increase of L/S ratio has no significant 

effect on the leaching rate. This is because increasing L/S ratio provides a mass of OH-to react 

with the soluble Na3AlF6and Al2O3 in the L/S ratio range of 1.5-4.5. The concentration of soluble 

Na3AlF and Al2O3 in the leaching solution decreases with the increase of L/S ratio,which makes 

the leaching rate decrease when the L/S ratio further increases from 4.5 to 5.5. Therefore, the 

leaching rate does not increase when the L/S ratio is further increased from 4.5 to 5.5. 

Moreover, as seen in Table 1 and 2, and the highest leaching rate is 82.39% and 66.1% 

respectively for Raw and Water washed SPL. After washing and filtering, the resulted solid 

carbon still contains insoluble compounds of CaF2 in XRD analysis. 
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    Na3AlF6+4NaOH=NaAl (OH)4+6NaF                              (14) 
 

Al2O3+ 2NaOH+3H2O=2NaAl (OH) 4                                              (15) 
 
                       Al(OH)4

-+2OH-=Al(OH)6
3-                                            (16) 

 
       2Al(OH)4

-+2OH -=Al2(OH)10
4- 

 

Table 4: Leaching percentage for Raw SPL Treatment with acid followed by alkali 

Process condition: Temperature: -500C, rpm: -120, Time: -3 hrs,Alkali (NaOH) ,concentration: 

2.5M, Acid: -HCl 

L/S 

ratio , 

cm3/g 

Leaching percentage (%) 

Acidic concentration , M Alkaline treatment (concentration above 

mention) of leached SPL at Acid 

concentration, M 

5.0 5.0 

1.5 33.30 47.10 

2.5 44.95 61.71 

3.5 48.77 68.34 

4.5 43.03 65.81 

5.5 41.70 62.01 

 

4.2 Characterisation of raw and treated sample: 

4.2.1 Thermo gravimetric Analysis:- 

Thermo gravimetric analysis on SPL samples was performed in a 

thermogravimetricanalyserTASDTQ600 by heating samples to 800 ◦C (heating rate 10 ◦C/min) 

under N2 flow (100 ml/min). Initial sample size was kept constant at 5 mg. The gain in weight in 

the TGA graph may be due to two reasons i.e.  

(i) Chemical reaction (reactions with gaseous substances in the purge gas such as O2, 

CO2 with the formation of non-volatile or hardly volatile compounds). 

(ii) Physical transitions (adsorptions of gaseous substances on samples such as active 

charcoal). 
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Fig 4.1:- TGA plot of raw spent pot liner 

4.2.2 Proximate analysis for the Raw SPL and treated SPL 

Table 5: proximate analysis of raw and treated SPL 

Sample Moisture content 
(%) 

Residue content (%) Volatile matter 
(%) 

Fixed carbon 
(%) 
 

 
Raw SPL 

 
3.462 

 
51.8924(7500C,1.5h) 

 
6.18 

 
38.4656 

 
Treated SPL(5M 
HCl then 2.5 M 
NaOH)  

 
 
0.18 

 
 
23.2(750 0C,1.5hr) 

 
 
3.285 

 
 
73.335 

 

The results of proximate analysis indicate varying contents in both the samples. However our 

primary focus is on fixed carbon which we want to utilize in adsorption. Acid and alkali treated 

sample suggest as improvement in carbon percentage from 38.5% to 73.3%. Hence in the 

adsorption study the acid and alkali treated sample was used as adsorbent. 
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4.2.3 CHNS Analysis:- 

It can be seen in table [6] presence of nitrogen and sulfur content in raw SPL.As our desired to, 

use SPL for adsorption MB possible. Because major content is of carbon is there. Residual SPL 

having less content of carbon also sulfur content in major amount. So, for our future experiment 

we selected raw SPL for adsorption of MB. 

Table 6: CHNS analysis of various samples 

 

 

 

 

 

4.2.4SEM analysis:- 

 

                          (a)                                                                (b) 

Fig4.2:-SEM images of raw SPL (a) &leached SPL (b) before adsorption     

 

                        (a)                                                                         (b)                                                                                                                          

Fig4.3: SEM images of raw (a) &leached (b) SPL after MB adsorption 

Sample N% C% H% S% 

Raw SPL 7.21 62.33 4.12 0.18 

Residual 

content SPL 

2.75 44.33 3.71 1.22 
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The 300µm size fraction shows SPL particles mainly comprising carbonaceous material with 

finely divided inorganic attached to the exposed surfaces; this agrees with the hypothesis that 

breakage occurs along the intercalated layers of bath material between the layers of graphene. An 

illustrative particle can be seen in Figure [4.2b] shows partial mineral liberation of the inorganic 

materials from the carbon fraction. Some elongated graphite particles (dark color) appeared 

completely liberated at this size fraction, thus contrasting with finely divided inorganic (brighter 

colour particles) attached to graphite particles or as independent units. The observed partial 

liberation of graphite and inorganic agreed well with observations on mineral liberation from 

SPL samples. A closer look to partially liberated graphite particles reflects the fact that most of 

the inorganic that remained attached to graphite were in the form of a relatively thin layer (∼1 

µm) that was fully accessible to any leaching solution. Liberation of graphitic particles was 

considered mostly complete due to the virtual absence of inorganic materials attached to the 

darker graphite particles. This was well confirmed from the particle size analyzer studies by 

DLS. After adsorption illustration can be seen in fig [4.3] for raw SPL[a] and acidic and alkali 

treated SPL[b] shows particles of MB crystal. Before adsorption fig [4.2] shows black color 

particle layer. But after adsorption these layer covered with white layer of particle. These particle 

represent are MB adsorb particle.  

 4.2.5 XRD Analysis:- 

4.2.5.1 XRD Analysis of raw SPL before adsorption 

As it is shown in proximate analysis and CHNS analysis that result reconfirmed by more  

elaborate  ways of XRD analysis which shows presence of various inorganic content present in 

raw sample. In order to remove these inorganic materials we are performing leaching 

experiments. However our ultimate objective is to develop an adsorbent for methylene blue 

removal. 
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Fig 4.4: XRD pattern of raw SPL before adsorption 

Table 7: XRD analysis &compound present in raw SPL before adsorption 

 

4.2.5.2 XRD Analysis of raw SPL after adsorption 

As shown XRD analysis of raw SPL before and after adsorption, it clearly shows compound 

present before adsorption. Adsorption of methylene blue confirmed by organic compound 

present after adsorption. Methylene blue is heterocyclic aromatic organic compound ring along 

with functional group of amino group. Table [8] shows presence of compound of benzene, amino 

functional group, Table [8] shows before adsorption no presence of organic compound. Spent pot 
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liner is completely inorganic compound, so there is no chance of presence of organic compound 

before adsorption but after adsorption MB functional group of amino group formed other 

compound. 

 

Fig 4.5: XRD pattern of raw SPL before adsorption 

Table 8: XRD analysis &compound present in raw SPL after adsorption 

 

4.2.5.3 XRD Analysis of final treated SPL before adsorption 

After treatment of leaching process with HCL (5M) and NaOH (2.5M) impurities ,which are not 

soluble, reacted with acidic treatment get removed by alkaline treatment. Reaction occurs in 

alkaline treatment are (17),(18),(19) in which cryolite reacted with sodium hydroxide and formed 

sodium flouride. As shown in XRD pattern fig [4.6] peaks were vanquished comparable to raw 

XRD pattern fig [4.4] treatment. Table [9] shows enhancement of graphite after leaching process. 
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Fig 4.6: XRD pattern of raw SPL before adsorption 

Table 9: XRD analysis &compound present in raw treated SPL 

 

 
  Na3AlF6+4NaOH=NaAl(OH)4+6NaF             (17) 
 
Al2O3+ 2NaOH+3H2O=2NaAl(OH)4                (18) 
 
Al(OH)4

-+2OH-=Al(OH)6
3-      (19) 

 
2Al(OH)4

-+2OH -=Al2(OH)10
4 

4.2.5.4 XRD Analysis of final treated SPL after adsorption 

 Adsorption of MB on treated final SPL confirmed by presence of organic group of benzne, 

amino etc. As XRD pattern shown before adsorption in fig [4.7] peaks occurred in range of 30-

40 theta position shows adsorption of MB pattern. 
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Fig 4.7: XRD pattern of raw SPL before adsorption 

Table 10: XRD analysis &compound present in raw treated SPL 
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4.2.6 FTIR analysis:-Fourier transforms spectroscopy 

    4.2.6.1 FTIR analysis of raw sample 

FTIR analysis shows agreeable result with other analysis XRD, proximate, ultimateetc.FTIR 

spectrum of raw SPL is simple, as defined so the compound may be a low-molecular-weight 

organic or inorganic compound, such as common salt of (molecular ion) carbonate, sulfate, 

ammonium etc .Fig [4.8] shows, There are some broad brand indicates in between 3400-3600cm-

1hydrogenbonding possibly exists and can be exhibited in water hydrates. However, there are 

both broad band and narrow band, even after certain hydrated species. This signifies presence of 

inorganic compound. Absorption above 3000cm-1 is not there, this signifies no presence of 

unsaturated or aromatic compound in raw SPL. However, main absorption below3000cm-1 

represents along with main absorption 2935cm-1 and 2860cm-1, also at 1470cm-1 and 720cm-1, 

then the compound contains a long linear chain of aliphatic compound. This also confirmed by 

proximate analysis fixed carbon percentage. Dominances in region of 3650-3250 indicates 

hydroxyl group vibration .but, only along with C-H stretching is there no unsaturated stretching 

likewise (C≡C), (C=C) representations. If absorbance in middle range of 1750-1700cm-1 then 

carbonyl compound probably be there but here no such absorbance are there. Region of 1670-

1620 cm-1 shows weak to moderate absorption. This indicates no presence of unsaturation 

stretching. Region of 2300-1900cm-1 indicates multiple bonding nitrogen compound and 

cumulated multiple bond compounds such as cyanides, cynates, iso-cynatesetc. However, if 

cyanides absorbance is weak then no presence of cumulate d multiple bonding will be there. 
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Fig 4.8: ftir analysis of raw SPL before adsorption 

 

 

  4.2.6.2 FTIR analysis of raw SPL sample after adsorption 

Fig shows FTIR analysis after adsorption of MB on raw SPL, MB is aromatic compound which 

adsorption clearly shown in fig[4.9],Region  around  1670-1620 cm-1 indicates moderate 

absorption in this section confirmed presence of unsaturated aromatic compound. Buttypically, 

two sets of bands in region, which one set around 1600cm-1 and the other around 1500cm-1 are 

consistent with an aromatic compound. After adsorption of MB, it is seen that region around 

2300-1990 cm-1 before adsorption showed absorbance. But, after adsorption of MB these bands 

are not there. This signifies cyanides get reacted with MB formed aromatic complex compound. 

 

Fig 4.9: ftir analysis of raw SPL after adsorption 

 

4.2.6.3 FTIR analysis of acidic& alkali treated SPL before & after adsorption 

FTIR analysis as shown in fig [4.10] ofacid and alkali treated SPL before adsorption 

indicatesaffect of leaching process. As seen in fig [4.8] FTIR analysis of raw SPL, there is 

various numbers of peaks available for both conditions before and after adsorption. These peaks 

shows presence of inorganic salts and absence of organic unsaturated carbon hydrogen bonding 

before adsorption, however presence of organic saturated bond Stretching, But after adsorption 

presence of unsaturated carbon hydrogen bonding represented in between 1670-1620cm-1 region 

in fig [4.9]. Similar absorbance shown in fig [4.11] after adsorption by acid alkali treated SPL. 

Region of 1800-1000cm-1 indicate organic unsaturated carbon hydrogen bonding. Rather before 

adsorption there is no such peaks were seen. 
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Fig 4.10: FTIR analysis of acid and alkali treated SPL before adsorption 

 

 

Fig 4.11: FTIR analysis of acid and alkali treated SPL after adsorption 

4.2.7 BET analysis:- 

Brunauer–Emmett–Teller (BET) surface analysis is employed for measurement of the specific 

surface area of material. To analyzed effect of surface activation and adsorption capacity bet 

analysis of Raw and acidic-alkali treated sample. Higher the surface area better is the adsorption 

behavior of the adsorbent. Same trend has shown here, Adsorption study of MB on raw and 

treated SPL shows more adsorption behavior by treated SPL. Raw SPL having surface Area 
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(0.49E+02m²/g) which is less compare to surface area (1.264E+02m²/g) acidic-alkali treated 

SPL. 

 

4.3 Selection of adsorbent for adsorption study:- 

Based on the MB adsorption capacity of the samples the selection of samples was carried out. An 

experiment in batch process was carried out using individually raw SPL, Acid & alkali treated 

SPL and pyrolized SPL. Literature review suggested that maximum MB could be adsorbed in the 

pH range 6-8. Thus our experiments were conducted at solution pH 6, 7& 8. 

 

Fig 4.12: Adsorption capacity of metheylene blue on various spent spot liner 

Condition: - Initial concentration:-100 ppm, temperature:-35°C, rpm:-120, adsorbent dose:-2gm, 

same for each sample 

Maximum adsorption capacity of MB was obtained at pH 7 for all the samples. It was also 

observed that no significant improvement in adsorption capacity was obtained using pyrolysis 

sample with respect to alkaline-acid treated sample. We want economical feasible application of 

solid waste (SPL).Hence it was suggested that the adsorption to be conducted using,Rawand 

acidic& alkali treated SPL samples in the future experiments. 
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4.4 Experimental design 

In this research work, we employed five factors of input variables to design our experiment. Also 

we used central composite design in which half fraction central composite design has been 

utilized to reduce the large number of experimental run. It was a tedious job to have full factorial 

design for five factors too. There is constraint region of experimental design which is shown 

below. 

Table11:-experimental design and response of experimental work 

 Factor 1  Factor 2  Factor 3  Factor 4  Factor 5  Response 1 Response 2 

 

Run 

 A:ph  B:time  C:conc(ppm)  D:dose  E:temp Raw SPL 

adsorption 

(%) 

Acidic & alkali 

SPL 

adsorption(%) 

  min Ppm  g  degree C  (%) (%) 

1 6.00 20.00 500.00 6.00 45.00 79 86.35 

2 8.00 60.00 500.00 3.00 25.00 54 70 

3 6.00 20.00 500.00 3.00 25.00 49 55 

4 8.00 60.00 50.00 6.00 25.00 87 94 

5 8.00 20.00 500.00 6.00 25.00 55 78 

6 6.00 60.00 50.00 3.00 25.00 89 92 

7 7.00 40.00 275.00 3.00 35.00 73 98.94 

8 7.00 40.00 275.00 4.50 35.00 78 99.95 

9 6.00 60.00 500.00 6.00 25.00 81 91.02 

10 7.00 60.00 275.00 4.50 35.00 99 99 

11 8.00 20.00 500.00 3.00 45.00 48 74 

12 7.00 40.00 275.00 4.50 45.00 79 90 

13 6.00 60.00 500.00 3.00 45.00 67 87 

14 8.00 20.00 50.00 3.00 25.00 68 88 

15 8.00 40.00 275.00 4.50 35.00 53 90 

16 6.00 40.00 275.00 4.50 35.00 69 92 

17 7.00 40.00 275.00 4.50 35.00 78 98 

18 7.00 20.00 275.00 4.50 35.00 75 95 

19 7.00 40.00 275.00 4.50 25.00 71 94 

20 7.00 40.00 500.00 4.50 35.00 68 82 

21 7.00 40.00 275.00 6.00 35.00 78 98.97 

22 6.00 60.00 50.00 6.00 45.00 90 92.8 

23 6.00 20.00 50.00 3.00 45.00 74 84 

24 6.00 20.00 50.00 6.00 25.00 85 95.89 

25 7.00 40.00 275.00 4.50 35.00 73 99.83 

26 7.00 40.00 275.00 4.50 35.00 73 99.83 

27 8.00 60.00 500.00 6.00 45.00 79 90 

28 7.00 40.00 275.00 4.50 35.00 73 99.83 

29 8.00 20.00 50.00 6.00 45.00 70 89.97 

30 7.00 40.00 275.00 4.50 35.00 73 94.82 

31 8.00 60.00 50.00 3.00 45.00 79 99.83 

32 7.00 40.00 50.00 4.50 35.00 88 94.82 
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4.4.1 Design Summary 

 
Design sumary shows the detail information of our experimental design parameters,desiging 
method used ,model fitting our experimental response,contraints region of sellected prarmeter 
with their units .The coded value of design and mean of constrained region is also represented. 
 
 Study Type:-  Response Surface  Runs :-32 

 Initial Design:- Central Composite   

 Design Model :- Quadratic 

Factor Name Units Type Low 

Actual 
High 

Actual 
Low 

Coded 
High 

Coded 
Mean Std. 

Dev. 

A ph  Numeric 6.00 8.00 -1.000 1.000 7.000 0.750 

B time min Numeric 20.00 60.00 -1.000 1.000 40.000 15.000 

C conc(ppm) ppm Numeric 50.00 500.00 -1.000 1.000 275.000 168.750 

D dose g Numeric 3.00 6.00 -1.000 1.000 4.500 1.125 

E temp degree 
C 

Numeric 25.00 45.00 -1.000 1.000 35.000 7.500 

 

 

Response Name Units Obs Analysis Minimum Maximum 
Y1 adsorption(%)     (%) 32 Polynomial 48.00 99.00 
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4.4.2 Development of regression model:- 

4.4.2.1 Raw SPL sample  

Central composite design has been used to developed correlation, between the adsorption of 

methylene blue from aqueous solution to adsorption of methylene blue in activated carbon raw 

and acidic & alkali treated (spent pot liner) samples. Model has been selected based on 

sequential model sum of errors, less lack of fits etc. Models were selected based on highest order 

polynomials, where the additional terms were significant and model were not aliased based. 

Quadratic model suggested by the software. Experiments were performed according design given 

by softwear, 32 runs performed to have responses (%) adsorption. Model represented by 

equation variables having coded. 

(\]^)]_`a\bcdae(%) = 75.42 − 5.06 ∗ A + 6.67 ∗ I + 8.39 ∗ O + 5.78 ∗ f + 1.50 ∗ E +

1.06 ∗ A ∗ B − 0.44 ∗ A ∗ C − 0.81 ∗ A ∗ D + 3.44 ∗ C ∗ D + 3.19 ∗ C ∗ E − 14.43 ∗ A^2 +

11.2 ∗ B^2                                           (20) 

Subjected to -1≤ A, B, C, D, E ≥1 

In terms of actual factors, empirical relation between methylene blue (%) adsorption and 

variables has been expressed by following second order polynomial equation 

(\]^) ]_`a\bcdae(%) = −557.19294 + 197.773 ∗ bZ − 2.25309 ∗ Tdhi − 0.11909 ∗

jaej + 4.8425 ∗ _a`i − 0.2390 ∗ temp + 0.053125 ∗ pH ∗ time − 1.944e(−3) ∗ pH ∗

conc − 0.54167 ∗ pH ∗ dose + 0.0101 ∗ conc ∗ dose + 1.4166 ∗ conc ∗ temp − 14.43 ∗

pH^2 + 0.02768 ∗ time^2                       (21) 

Subjected to- 6 < pH > 8 ,  0 < time(min)> 60 ,  50< concentration(ppm) >500 ,  3 < dose(gm ) > 

6 , 25 < temp(°C)> 45 

4.4.2.2 Alkaline &acidic SPL sample 

Model equation in terms of coded factors for acidic& alkali SPL sample. 

(Ajd_dj& ]kl]kd) ]_`a\bcdae(%) = 97.54 − 0.75 ∗ A + 3.24 ∗ I − 5.10 ∗ O + 2.97 ∗ f +

0.40 ∗ E + 1.17 ∗ B ∗ C − 1.34 ∗ B ∗ D + 1.35 ∗ C ∗ D + 1.99 ∗ C ∗ E − 5.27 ∗ C ∗ E − 5.27 ∗

Am − 5.37 ∗ Cm                                                   (22) 
Subjected to -1≤ A,B,C,D,E ≥1 

In terms of actual factors, empirical relation between methylene blue (%) adsorption and 

variables has been expressed by following second order polynomial equation 

]jd_dj &]kl]kd ]_`a\bcdae(%) = −165.6945 + 73.035 ∗ nZ + 0.2904 ∗ Tdhi(hde) −

0.0237 ∗ Oaej(bbh) + 2.65335 ∗ fa`i(oh) − 0.20288 ∗ Temp(deg C) +

2.60556 EEpTdhi(hde) ∗ Conc(ppm) − 0.044500 ∗ Time(min) ∗ Dose(gm) + 4.0148EEq ∗

Conc(ppm) ∗ Dose(gm) + 8.82774EEp ∗ Conc(ppm) ∗ Temp(deg C) − 5.2697 ∗ PHm −

1.060692EEq ∗ Concm                             (23) 
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Subjected to- 6 < pH > 8 ,  0 < time(min)> 60 ,  50< concentration(ppm) >500 ,  3 < dose(gm ) > 

6 , 25 < temp(°C)> 45. 

4.4.3Statistical analysis  

Model equation has been used to visualize the effect of experimental factors on (%) adsorption, 

as in adsorption factors effect studied with various interaction of factors. actual values are the 

measured response data for a particular run, and predicted values are evaluated from the model 

and are generated by using approximating functions. 

Figs. [4.13] and [4.14] shows the actual response values versus the predicted response values .it 

help to detect a value, or group of values, that are not easily predicted by model. in fig  the 

values of R2 and adj R2  were calculated shown in table[12] and[13] ,it is desirable or mandatory 

to have adj R-squared and predicted R-squared should be within approximately 0.20 of each 

other to be in “reasonable agreement” if they are not ,there may problem either the data or 

model[Design-Expert R Software].however our model fitting criteria,asshown in table[12] 

predicted R-squared (0.9030) having reasonable agreement with adjusted R-squared (0.9359) for 

raw SPL adsorption, this signifies run were performed successfully no problem with data. 

Similarly table [13] we having reasonable agreementpredicted R-squared (0.6898) with adjusted 

R-squared (0.8247) for acidic and alkali treated SPL adsorption (%). 

AdjR-squared:A measure of the amount of variation around the mean explained by the model, 

adjusted for the number of terms in the model. The adjusted R-squared decreases as the number 

of terms in the model increases if those additional terms don’t add value to the model[Design-

ExpertR Software]. 

Pre R-squared:A measure of the amount of variation in new data explained by the model[Design-

ExpertR Software]. 

 

 

Table12: analysis of R squared values for raw SPL adsorption model 

R-Squared           0.9607 
Adj R-Squared 0.9359 
Pred R-Squared 0.9030 
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Fig4.13: actual and predicted plot of methylyene blue removal for raw SPL 
 

Table13: analysis of R squared values for acidic &alkali treated SPL adsorption model 

R-Squared           0.9411 
Adj R-Squared 0.8925 
Pred R-Squared 0.8274 

 
 

 
Fig4.14: actual and predicted plot of methylyene blue removal for acidic and alakli treated SPL 
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4.4.4Analysis of avriance(ANOVA): 

 
ANOVA is statistical tool that subdivaieds the total variation in set of data into componets parts 

associated with specific sources of variation for the purpose of testing hypotheses on parametrs 

of the model.F-values represent most variation in response can be explained by empirical model 

,however F-value must be larger for better empirical model.if Fvalues are lager enough then P-

value signifies effect of parameters on response.the model F-value implies the model is 

significant.there is only a 0.01% cahnce that a “madelF-value” this large could due to noise.as 

shown in ANOVA table values of “prob>F” less than 0.05 indicates model terms are 

significant.in this case A,B,C,D,E,CD,CE,A2,B2are significant model terms.values greater than 

0.1 indicates the model terems are not significant. 

 In optimizing a response surface, an adequate fit of the model sholud be obtaind to avoid poor or 

ambigous result[R.H. Myers.etl.al.].this is imporatnat to ensure the adequacy of developed 

model.ANOVA table[14] shows the analysis of variance of regression parameters of predicted 

response surface quardratic model for methylene blue removal by activated carbon(raw and acid-

alkali treted SPL) using the result of all experiment performed. As it is seen from 

table[14]and[15],the F-value of and alow probability value(Pr>F=0.0001) indicate that the model 

is significant for methylene blue removal.the “adequate precision” ratio of model is 7.734 which 

is an adequate signal for the model[Design-ExpertR Software].the value of correlation coifficient 

(R2=0.903,0.8274) indicates that only 9.7% of the total variation could not explained by 

empirical model and expressed good enough quadratic fits to navigate the design space. As 

suggested by design expert software R2 must be at least 0.80 for good fit of model. The R2 values 

obtained from present study for these response variables was higher than 0.80, It shows the 

response surface model developed explained reaction well. Hence the response surface model 

developed in this study for predicting methylene blue removal efficiency was considered to be 

satisfactory.  
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Table14: ANOVA of developed mathematical model for raw SPL adsorption 
SourceSourceSourceSource    Sum of squareSum of squareSum of squareSum of square    Df Mean square F-value P values (prob>f) 

Model  4279.09 12 356.69 38.54 < 0.0001 (significant 

A-PH 460.06 1 460.06 49.98 < 0.0001 (significant 

B-Time(min) 800.00 1 800.00 86.92 < 0.0001 (significant) 

C-Conc(ppm) 1266.72 1 1266.72 137.63 < 0.0001 (significant) 

D-Dose(gm) 600.89 1 600.89 65.29 < 0.0001 (significant) 

E-Temp(deg C) 40.50 1 40.50 4.40 0.0495    (non-significant) 

AB 18.06 1 18.06 1.96 0.1774    (non-significant) 

AC 3.06 1 3.06 0.33 0.5708    (non-significant) 

AD 10.56 1 10.56 1.15 0.2975    (non-significant) 

CD 189.06 1 189.06 20.54 0.0002     (non-significant) 

CE 162.56 1 162.56 17.66 0.0005     (non-significant) 

A2 726.86 1 726.86 78.97 < 0.0001  (significant) 

B2 428.15 1 428.15 46.52 < 0.0001  (significant) 

residual 174.88 19 9.20   

Lack of Fit 141.54 14 10.11 1.52  0.345       (non-significant) 

Pure errror 33.33 5 6.67   

Cor Total 4453.97 31  

 

 

 

 

 

Table15: ANOVA of developed mathematical model for alkali &acidic treated SPL adsorption 

SourceSourceSourceSource    Sum of squareSum of squareSum of squareSum of square    Df Mean square F-value P values (prob>f) 

Model  1748.96 11 159.00 14.26 < 0.0001 (significant) 

A-PH 10.01 1 10.01 0.90 < 0.3548 (non significant) 

B-Time(min) 188.70 1 188.70 16.92 < 0.0005 (significant) 

C-Conc(ppm) 467.77 1 467.77 41.95 < 0.0001 (significant) 

D-Dose(gm) 158.36 1 158.36 14.20 < 0.0012 (significant) 

E-Temp(deg C) 2.86 1 2.86 0.26 0.6178    (non-significant) 

BC 22.00 1 22.00 1.97 0.1755    (non-significant) 

BD 28.52 1 28.52 2.56 0.1255    (non-significant) 

CD 29.38 1 29.38 2.63 0.1202    (non-significant) 

CE 63.12 1 63.12 5.66 0.0274     (non-significant) 

A2 96.97 1 96.97 8.70 < 0.0079 (significant) 

C2 100.69 1 100.69 9.03 < 0.0070 (significant) 

residual 223.00 20 11.15   

Lack of Fit 220.19 15 14.68 26.13 0.0010    (significant) 

Pure errror 2.81 5 0.56   

Cor Total 1971.95 31  
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4.5 Optimization and Adsorption studies  

4.5.1 Effect of pH:- 

Surface charge as well as degree of ionization is influenced by the pH of the solution. However 

degree of ionization may or may not be favourable to adsorption process as this behavior has 

been explained by K. Ravikumar et.al. Dyesgenerally show poor adsorption, when ionized 

[Cooney DO]. Contrary to this phenomenon in case of metal adsorption, if they are more ionized 

adsorption is good. This work shows that methylene blue dissociate in water to form cationic 

group, ascations species adsorb better at low pH and anionic species adsorb much better at higher 

pH [K. Ravikumar et.al]. But here in low pH cation get surrounded by hydrogen ion which 

competes with methylene blue ions binding the sites of adsorbents. As shown in fig [4.15] as pH 

increases adsorption decreases drastically after the neutral pH7. It may be due to the fact that at 

higher pH there exists electrostatics force of repulsion.  

Fig shows three dimensional response surfaces and contour plot, it represent the combined effect 

of time (in min), pH, percentage adsorption of methylene blue on adsorbent (raw SPL). Other 

variables are constants at concentration (250 ppm), temperature (35°C), adsorbent dose (6 gm). 

As time of adsorption increases, a general behavior of adsorption phenomenon, (%) adsorption 

increases. However from fig it is seen that it largely depends on pH factor. As pH increases 

response also enhances but there is constraint region of pH in which it shows high performance 

efficiency, all the contour flags meet towards in opposite direction at this point called “saddle 

point “or “stationary point”. This point has no change for particular Y axis value but as we move 

towards upward direction of this point and downward direction it gives local maximum or 

minimum value of variables. But the desirable value is optimum value which is around 6.5 to 7 

pH. The region of initial pH (6 to 6.5) and pH (7 to 8) even at lower time scale adsorption 

efficiency is very low but for same time region it achieves higher efficiency region in the pH 

range (6.5 to 7) that indicates higher percentage of MB adsorption. Contour plot is the projection 

of 3D surface plot.   
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                (a) 

 

(b) 

Fig 4.15: contour (a) and 3D surface (b) plot of combined effect of pH and time (min) on percentage 

adsorption for raw SPL 
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4.5.2 Effect of initial concentration:- 

This is an important factor to study its effect on response. It is seen that increasing the initial 

concentration consequently increases, the number of adsorbate ions in solution. To adsorb these 

increased ions in the solution more number of active sites is necessary. But as the adsorbent 

dosage is fixed the number of active sites remaining constant, it will have deficiency in 

accommodating adsorbate ion that resulted in decreased percentage of adsorption. But adsorption 

capacity increases consequently as actual amount of adsorbate adsorbed on the surface increased 

with increase in dye concentration in test solution [V.K. Garg.etl.al.]. Increase in adsorption 

capacity also has been due to overcoming of driving force between aqueous and solid phases. 

Similar trend has been investigated by various researchers [B.H. Hameed et.al and 

NagarethinamKannan et.al]. 

Fig [4.16] shows response surface plot of combined effect of adsorbate dye concentration, pH 

and (%) adsorption at actual factors keeping contact time (60 min), adsorbentdose (6 gm.), 

temperature (35°C). Initial concentration of solution high range concentration is preferable. As 

discussed above if initial concentration is higher then, it reduced the (%) adsorption. Same trend 

has been seen below fig, however there is certain concentration range or zone where almost 99% 

adsorption takes place but after that region it is never possible to have such degree of adsorption 

at mentioned actual factor. Concentration of 275ppm to 50 ppm region of 100% adsorption 

region, 275 ppm to 400 ppm region adsorption decreases almost by 4-5%, after that it drastically 

decreases by 8%. So concentration 275 ppm is critical point where abruptly % adsorption 

reduces. In this illustration it also has been seen that pH around  6.5 to7.0 is favorable region to 

select pH range for further study.3D surface and contour plot shows the relation between 

maximum adsorption and combine effect of pH and concentration. Thecounter were plotted at 

experimental conditions such as % adsorption region 275 ppm to 50 ppm, pH 6.5 to 7,at constant 

factor dose 6gm,time 60min,temperature 35°C. 
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                         (a) 

 

(b) 

Fig 4.16: contour (a) and 3D surface (b) plot of combined effect of adsorbate concentration and 

pH factor on % adsorptionfor raw SPL 
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4.5.3 Effect of dose 

It is already known fact that with increase in adsorbent quantity as dosage, the % MB adsorbed 

will increase. However, the adsorption capacity decreases as dose quantity increases, because 

more number of adsorption sites is available to fixed level of concentration gradient [V.K. 

Garg.etl.al.]. But decrease in amount of dye adsorbed capacity may be due to split in flux or 

concentration gradient between solute concentration in solution and solute concentration on 

surface of adsorbent. As adsorption capacity depends upon concentration gradient or flux solute 

concentration in solution. The MB adsorbed on adsorbent does not show any remarkable 

difference in the amount adsorbed due to its saturation thus it indicates a decrease in adsorption 

capacity at the cost of increasing adsorbent dosage. The decrease in adsorption capacity may also 

be due to congested regions of adsorption sites available consequently overcrowding of 

adsorbent particles. Hence it is seen that adsorbent dose is not directly proportional to (%) 

adsorption as slope of the line is less than 1.  

As discussed above mechanism of adsorbent dose effect similar trend of behaviour has been seen 

in fig[4.17] which are three dimensional representation and combined effect of the adsorbent 

dose and adsorbateconcentration at constant parameters such as time(60min),temperature(35oC), 

pH(7) on desirable response of process . Traditionally analysis of adsorbent dose has limitation 

to give information about,effect of variable study on two parameters only. Three dimensional 

and contour plotsrepresent the combined effect of adsorbent dosage and adsorbate concentration 

on % adsorption. It is demonstrated that 99% adsorption occurs in the concentration range 

50ppm to 260 ppm where the adsorbent dosage lies between 3-6 gm.However beyond 260ppm 

concentration even at cost of increasing adsorbent dose no considerable improvement in 

adsorption characteristic is observed. 
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                        (a) 

 

       (b) 

Fig4.17: contour (a) and 3D surface (b) plot of combined effect of adsorbate concentration and 

adsorbent dose on %adsorption for raw SPL. 
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4.5.4 Effect of contact time  

Contact time study is important factor to study if the adsorbent is economical for waste water 

treatment [Ouazene et.al.]. With increase in contact time all other parameters are influenced. It is 

well established that as the contact time between the adsorbate and adsorbent increases the rate 

of adsorption will decrease. It could beattributes to the decrease in the concentration gradient 

which is the main driving force for adsorption. It also depends upon chemical characteristics of 

adsorbent surface [A. Chergui.etl.al.]. In a physical adsorption process most of the adsorbate 

species are adsorbed within a short interval of contact time. However, strong chemical bonding 

between adsorbate and adsorbent requires a longer time to attain equilibrium.Literature study 

shows that there are 3 stages of adsorption. 

� initial stage  

� Intermediate stage  

� Equilibrium stage  

In the initial stage majority of adsorption takes place that can be due to the reason that at initial 

phase there is high mass transfer rate as concentration gradient is more in this phase. In the 

intermediate phase of adsorption,rate of adsorption varies depending on the surface properties. It 

is generally for a short duration and quickly goes to next phase. In the equilibrium phase the 

adsorption achieves its saturation. Possibility no further adsorption by adsorbent occurs that 

helps us to neglect the time to be contacted thereafter for economical reason. 

As discussed above theoretical consideration of contact time and three stages of 

adsorptiongivesameresult. Fig [4.15] shows contour and 3Dsurface plot of combined effect of pH 

and contact time on (%) adsorption. It shows that the contact time increases for optimum range 

of pH. Other factors show no significant effect. Fig [4.18] showscontour and 3D surface plot of 

combined effect of adsorbate concentration and contact time on (%) adsorption. It also shows the 

effect of time or interaction effect with concentration factor. It has been seen that concentration 

phase of 50 to 250 ppm of methylene blue there is dark red region which indicates more 

adsorption but as concentration increases beyond that region width decreases. So it is concluded 

from graphical analysis of two interaction factors that maximum adsorption (99%) of MB will 

occur when in contact for 55 to 60 min atpH (7), dosage (6 g) and temperature (35°C). 
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(a) 

 

(b) 

Fig 4.18: contour (a) and 3D surface (b) plot of combined effect of adsorbate concentration and 

contact time (min) on %adsorptionfor raw SPL. 
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4.5.5 Effect of temperature  

Temperature dependency of adsorption can be explained by two basic types of reaction, 

exothermic and endothermic reaction. Endothermic reactions are prominently temperature 

dependency converse to this is exothermic reaction nature, Adsorption process is generally 

exothermic in nature, and extent of adsorption and rate of adsorption decreased as temperature 

increases, this trend happens because due to desorption process, however this experimental work 

removal of methylene blue on spent pot liner is endothermic reaction. Exhibiting of this 

behaviour is due to increase adsorption sites caused by breaking of some of internal bonds near 

the edge of active sites of adsorbent. Runping Hana etl.al. Explained same trend adsorption 

process, removal of methylene blue by chaff as endothermic nature. As temperature increase 

equilibrium adsorption increases .Effect of temperature is very complex in nature.  

Fig [4.19] shows contour (a) and 3D surface (b) plot of combined effect of adsorbate 

concentration and temperature on % adsorption .temperature dependency as explained above 

similar result has been seen here. As concentration increases % adsorption decrease for particular 

value of adsorbent dose .however fig shows concentration increases till 275 ppm there is 

complete adsorption taking place. But beyond this concentration value adsorption percentage 

decreases even though for higher range temperature,also there is complete adsorption. So 

temperature effect is there that is also for certain range of concentration it giving complete 

adsorption but our concerns to having optimum temperature value, temperature of 35°C where in 

all range of concentration having maximum adsorption.  
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(b) 

Fig4.19: contour (a) and 3D surface (b) plot of combined effect of adsorbate concentration and 

temperature on % adsorption for raw SPL. 
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4.5.6 Optimization of raw SPL 

The main objective of optimization to have the optimum values of process variables for 

methylene blue removal using spent pot liner as activated carbon .In optimization desired goal 

for response (% adsorption of methylene blue) was chosen to a target value as 100% adsorption 

and variables applied are pH, contact time, initialconcentration, adsorbentdose, 

temperatureselected, but some of factors targeted and others are within range. Factors selected 

for optimization are shown in table [17].The optimization result for complete adsorption by raw 

SPL shown in fig[4.20].Fig[4.20] shows contour plot of combined effect of concentration and 

adsorbent dose which shows predicted optimum(% adsorption) value. To confirm model 

adequacy and validity of optimization further experiment were performed at optimized values, 

optimized value results are shown in table [16]. 

 

Fig 4.20: optimization of methylene blue adsorption 

Table 16: optimum operating condition for 100% methylene blue removal by raw SPL 

PH Concentration(ppm) Dose(gm) Temperature(°C) Time(min) Predicted  experimental 

6 250 6 35.26 59.92 99.09 99.89 

Table 17: selection of factors and goal for optimization for raw SPL 

Name  Goal Lower Limit Higher limit 

PH Is in range 6 8 

Time(min) Is in range 20 60 

Conc(ppm) is target = 250.00 50 500 

Dose(gm Is in range 3 6 

Temp(deg C) is target = 35.00 25 45 
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4.5.7 Optimizations of acidic& alkali treated SPL 

For raw SPL sample, we had studied in detail of its adsorption effect. Similarly there is effect to 

acidic and alkali treated SPL, however effects are same for both adsorbent only adsorption 

parameter optimization has been changed. Table [19] shows parameters selected for optimization 

and their constraint range. After surface development of adsorbent by leaching process, 

adsorption increases rapidly with feasible adsorption parameters conditions. As seen from table 

[18] optimization concentration is very high comparable to raw SPL. Within 50 min of time 

duration such high concentration, low adsorbent dose having almost complete adsorption. The 

optimization result for complete adsorption by acidic and alkali treated SPL shown in fig [4.21]. 

As Fig [4.22] shows contour plot of combined effect of concentration and adsorbent dose which 

shows predicted optimum (% adsorption) value. To confirm model adequacy and validity of 

optimization further experiment were performed at optimized values, optimized value results are 

shown in table [18]. 

 

 

Fig 4.21: optimization of methylene blue adsorption for acid-alkali treated SPL. 
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Fig 4.22: optimization of methylene blue adsorptionacid-alkali treated SPL. 
 
 

Table 18: optimum operating condition for 100% methylene blue removal by acidic and alkali 

treated SPL 

PH Concentration(ppm) Dose(gm) Temperature(°C) Time(min) Predicted  experimental 

6.87 350 4.5 35.00 50.00 99.6012 99.20 

 

Table 19: selection of factors and goal for optimization foracidic and alkali treated SPL 

Name  Goal Lower Limit Higher limit 

PH Is in range 6 8 

Time(min) Is in range 20 60 

Conc(ppm) Is in range 50 500 

Dose(gm Is in range 3 6 

Temp(deg C) is in range 25 45 
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4.6 Adsorption isotherms 

The adsorption isotherm indicates how the adsorption molecules distribute between the liquid 
phase and the solid phase when the adsorption process reaches an equilibrium state. The analysis 
of the isotherm data by fitting them to different isotherm models is an importantstep to find the 
suitable model that can be used for design purpose. To adapt for the considered system, an 
adequate model that can reproduce the experimental results obtained, equations of Langmuir, 
Freundlich, Redlich-Peterson, Temkin, have been considered. 

The experimental data on the effect of an initial concentration of MB on the raw and acid & 
alkali treated SPL of the test medium were fitted to the isotherm models by using MATLAB 7.1 
and the graphical representations of these models are presented in Fig. [4.23] and [4.24]. All of 
the constants are presented in Table [20] and [21]. The value of R2 nearer to 1 indicates that the 
respective equation better fits the experimental data [Ponnusamy et al., 2011]. The 
representations of the experimental data by all isotherm models equation result in a non-linear 
curve with R2values of a least 0.7121 and 0.9013 for raw and acidic-alkali treated samples 
respectively, as tabulated in Table[1]. The experimental data yielded excellent fits within the 
following isotherms order: For raw SPL adsorption isotherms 

Redlich-Peterson>Freundlich>Langmuir>Temkin 

Similarly for acidic and alkali treated SPL adsorption isotherms 

Temkin>Redlich-Peterson >Freundlich>Langmuir 

Based on its R2values. Equations form used for plotting graph are presentedin Table [20].It was 
found that Redlich Peterson best represent the equilibrium adsorption of MBon raw SPL. 
However for as adsorbent changes Tempkin isotherms model best representing isotherm model. 
Best fitting isotherms determined using correlation factor which is nearer to 1. 
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Fig4.23: adsorption isotherms for raw SPL adsorption (MB concentration=50-500ppm, adsorbent 

dose =5gm/100ml, volume of solution =100ml, equilibrium time=60min) 

 

Fig4.24: adsorption isotherms for acidic and alkali treated SPL adsorption (MB 

concentration=50-500ppm,adsorbent dose =5gm/100ml, volume of solution =100ml, equilibrium 

time=60min)  
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Table 20: adsorption isotherms constants for raw SPL adsorption 

Isotherms Isotherms Isotherms Isotherms 

modelmodelmodelmodel    

Equation Equation Equation Equation     ParametersParametersParametersParameters    

FoFoFoFor raw SPLr raw SPLr raw SPLr raw SPL    

RRRR----squaresquaresquaresquare    

Redlich Redlich Redlich Redlich 

Peterson Peterson Peterson Peterson 

model model model model  

    

General model: 

f(Ce) =(Kr*Ce)/(1+Ar*Ce^p) 

Ar =7098 

 Kr=4519 

 p = 0.09237          

R-square: 

0.9888 

Tempkin Tempkin Tempkin Tempkin 

isothermisothermisothermisotherm 

    

General model: 

f(Ce) = ((R*T)/(Bt))*(1/2.303)*(log(At*Ce)) 

At= 2.451 

Bt= 10.65 

 

0.7121 

 

Freundlich Freundlich Freundlich Freundlich 

isothermisothermisothermisotherm 

    

General model: 

       f(Ce) = Kf*Ce^(1/n) 

 

 

Kf = 0.6366 

  n = 0.9154 

 

0.9881 

Langmuir Langmuir Langmuir Langmuir 

isothermisothermisothermisotherm 

    

General model: 

       f(Ce) = (QL*b*Ce)/(1+b*Ce) 

 

QL = 4604 

 b =  0.000172 

 

 

0.9861 

 

Table 21: adsorption isotherms constants for acidic& alkali treated SPL adsorption 

Isotherms Isotherms Isotherms Isotherms 

modelmodelmodelmodel    

Equation Equation Equation Equation     parametersparametersparametersparameters    RRRR----squaresquaresquaresquare    

Redlich Redlich Redlich Redlich 

Peterson model Peterson model Peterson model Peterson model  

    

General model: 

f(Ce) =(Kr*Ce)/(1+Ar*Ce^p) 

Ar =11.12   

 Kr =102.2   

 p = 0.8204   

 

0.9096 

Tempkin Tempkin Tempkin Tempkin 

isothermisothermisothermisotherm 

    

General model: 

f(Ce) = ((R*T)/(Bt))*(1/2.303)*(log(At*Ce)) 

At = 63.81  

Bt= 2.531          

 

0.9113 

 

Freundlich Freundlich Freundlich Freundlich 

isothermisothermisothermisotherm 

    

General model: 

       f(Ce) = Kf*Ce^(1/n) 

 

 

Kf = 8.18   

  n = 3.109   

 

0.9013 

Langmuir Langmuir Langmuir Langmuir 

isothermisothermisothermisotherm 

    

General model: 

       f(Ce) = (QL*b*Ce)/(1+b*Ce) 

 

QL = 10.33   

 b =  5.547   

 

 

0.8989 
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5.1 Conclusion 

Solid Waste utilization to treat a water pollutant has been suitably justified through this 
investigation. Spent Pot Liner (SPL), an aluminum industry major solid waste has been a great 
challenge to the environmentalist. The waste not only occupies a vast area on disposal but has 
significant contribution to environmental pollution.  We have tried to encompass these 
shortcomings through our investigations. 

• Suitable pre-treatment method was employed using acid and alkali to modify the surface 
of the raw SPL samples. 
 

• Leaching of the SPL samples showed improvement in carbon content to be used as an 
adsorbent. 
 

• Characterization of raw and leached sample confirmed enrichment of carbon content and 
removal of inorganic content. 
 

• Methylene blue adsorption study was accomplished by varying various parameters such 
as pH, adsorbent dosage, initial MB concentration, contact time, temperature etc. 
 

 
• Adsorption study was performed using the statistical analysis tool named design of 

experiment using response surface methodology to investigate the effect of these 
experimental factors. 
 

• Adsorption of MB on raw SPL showed strong dependence on pH while acid and alkali 
treated adsorbent was affected moderately through pH variation. 
 

 
• Contact time and adsorbent dose reduced to 40%, 50% for acid-alkali treated SPL 

respectively as compare to raw SPL adsorption. 
 

• Mathematical empirical model fitting criteria, predicted R-squared (0.9030) having 
reasonable agreement with adjusted R-squared (0.9359) for raw SPL. 
 

 
• Similarly for acid -alkali treatedSPL mathematical empirical model fitting criteria, 

predicted R-squared (0.8274) having reasonable agreement with adjusted R-squared 
(0.8925). 
 

• Experiment yields excellent fits for raw SPL adsorption  

Redlich-Peterson>Freundlich>Langmuir>Temkin. 

• Similarly, this order changed for acid-alkali treated SPL as  

Temkin>Redlich-Peterson >Freundlich>Langmuir. 
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5.2 Scope for future research 

• Leaching process can be explored with various types of acid -alkali combination at 

different concentration and L/S ratio. 

• Adsorption process in continuous study can study for MB adsorption, SPL as adsorbent. 

• Investigation various dye removal can be performed. Also regeneration of adsorbent used 

can be examined. 
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