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other conventional techniques. 

Due to its environmentally sound qualities and sustainable nature, biodiesel producion 

deserves continuous review and optimization of production procedures. Waste cooking 

oil (WCO) has been chosen as a raw material for biodiesel production because it's 

cheap and pollution-free. This research paper presents the specifics of the biodiesed 

process using low frequency ultrasonic energy (20 kH), stirring system 
(combined heu 

and stiring) and the method of stirring. Soybean Waste Oil (SWCO) as a biologkul 

diesel feedstock is used for this purpose. The molar ratio 
(alcohol/ oil) tests were 

conducted 6:1, with 3 separate percentages of sodium (NuOH) (05, 0.75 and I wt 

percent) of the catalyst. Results shows that the ultrasonic method is more 
efexuie ihat 

Keywords: Transesterification, biodiesel, Soybean Waste Cooking 
Oi, ultrasonicaton 

PRODUCTION FROM WASTECOOKING OIL USING DIFFERENT: TECHNIQUES 



1,0 
INTRODUCTION 

t.dingel production, because it is important for researchers because of the 
increase in petrol prices and environmental benefits it is gaining on a daily basis (Parag et 

Rnns Biodiesel is a combination of mono-alkyl esters of long-chain fatty acids which 
constitute alternative fuel made from renewable sources such as vegetable oils and animal 
.(Vumar et al.., 2010). The emission profiles are non-toxic and therefore 
environmentally advantageous. Biodiesel is traditional diesel compatible and can he 
combincd to produce a robust biodiesel blend to some degree with fossil diesel (Kumar et 

al 2011). Biodiesel has thus grown into one of the world's most popular biofuels. Fuel 
for bio-diesel pollution is lower than for petrodiesel, both regulated and unregulated. Its 

lbibricity also extends the life of motors and is a biodegradable commodity. Depending on 
Ownership of production plants and the mixture and marketability of useful co-products, 

biodiesel could be of benefit to farmers and rural communities. And biodiesel could cut 

back on foreign oil reliance and related price and availability volatility (Lang et al., 2001; 

Topare et al., 2015). 

In comparison to other developed nations, the United States consumes highly per 

capita transport petrol (Marchetti et al., 2008). In 2001, for instance, 522 gallons of 

petroleum fuels were spent, compared to 421 gallons per head in Canada, 2l gallons in 

Germany, and 196 gallons in Japan, on each man, woman and child in this region. Many 

of the emissions of biodiesel benefit from the high efficiency of the ignition. Biodiesel 

can be nmade from almost any form of vegetable oilnew or used. In the 2003 energy 

department, the biodiesel was sold to approximately 26.7 million gallons. In the US, over 

S9.9 billion gallons of diesel were consumed in total this year (Renge et al., 2012; Ma and 

Hanna, 1999). 

Rising demand for energy and global warming are main factors that drive renewed 

interest in renewable. The world energy market remains dominated by fossil fuel 

consumption. But future volatility, possible unsustainable energy use trends and the 

expense of increasing proven fossil reserves lead many energy analysts and managers 

around the world on alternative Sources, such as biodiesel, to renewable energy 

(Mahamuni and Adewuyi, , 2009). The increasingly 

reason for cheaper supply choices. Biodiesel has continued to attract increased support growing trend in petrol prices over the 

the atmosphere by reducing 



Lab Scale Batch Reactor Design,
Fabrication and Its Application
for Biodiesel Production
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Abstract In order to produce biodiesel, mechanically agitated lab-scale reactor
vessels have been developed and fabricated. It has been recognized that in the
synthesis of biodiesel the use of batch stirred reactor is a primary mode. As the devel-
opment process from sunflower waste cooking oil has been tested for the reliability
of the reactor vessels, transesterification routes have been selected. The laboratory
scale reactor makes the flow residence time with an enhanced mass turbulence distri-
bution and heat transfer and offers precise mixing control with agitator geometry,
making operation simple. Parameter such as reactor dimensions and physical prop-
erties of reactants must be taken into account in accordance with the philosophy
of reactor design before design work has recently been initiated. Control logic also
developed to run a reactor. The reactor design involves the use of two software such
as PVElite for mechanical thickness calculation and Solidworks for 3D modeling.
Results show that produced biodiesel from sunflower waste cooking oil (SWCO) was
within the recommended standards of biodiesel fuel. The transesterification reaction
using sodium hydroxide (NaOH) catalyst was effective in the designed lab-scale
batch reactor. The yield and conversion of produced biodiesel from SWCO oil by
using NaOH catalysts in the lab-scale reactor at 70 °C are 94% and 96% respectively
at 3 wt%.
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1 Introduction

The monoalkyl esters of fatty acids derived from animal fats or vegetable oils shall
be classified as biodiesel. In a simple way, biodiesel is produced when animal fat or
vegetable oil is chemically reacted with a catalyst (homogeneous and heterogeneous)
and alcohol to produce a fatty acid alkyl ester [1]. For biodiesel production is needed
a homogeneous catalyst, such as sodium hydroxide (NaOH) or potassium hydroxide
(KOH), and glycerol is produced in a byproduct formulation. Recycled cooking oils
are the best suitable feedstock for biodiesel along with plant oils, animal fats. The
pure type of biodiesel or mix it with petroleum diesel at any stage can be used to create
a biodiesel blend since it contains no petroleum. The diesel motor needs very little
to no motor modification because biodiesel has similar properties to gasoline diesel.
It is the most widely used diesel engine [2, 3]. It needs no separate infrastructure
and can be stored as petroleum diesel fuel. As biodiesel has virtually no aromas, it
contains around 10% oxygen that helps burn entirely, and no sulphur, it is known
as safe fuel. It increases the ignition efficiency due to its higher cetane number even
when mixed into petroleum diesel [4].

A single or two stage batch transesterification process is the most regular and suit-
able method to generate biodiesel [5]. Batch methods require greater reactor volume,
which results in a large expenditure of capital. In contrast with ongoing processes, it
has suffered some drawbacks. Afterward, a continuous process in producing biodiesel
from animal fats or vegetable oils or waste cooking oils has been developed by some
innovative researchers to reduce a higher cost and improving reactants mixing in order
to increase reaction rates [6]. The main aim of this research, design and fabricate
a lab-scale batch reactor that is applicable for efficient sunflower waste cooking oil
development of biodiesel. The experiment was conducted with homogeneous cata-
lysts in the designed and fabricated lab-scale batch reactor for bio-diesel production
from the SWCO. SWCO contains high FFAs so that a transesterification of alkalis is
done using methanol and NaOH catalysts. It evaluated the effect of operating param-
eters such as reaction temperature 70 °C, the reaction time of 2.5 h, and loading of
the catalyst 1, 2, and 3 wt% at 5:1 methanol/oil ratio.

2 Design Method for Lab Scale Batch Reactor

The geometric configuration is an approached to design a lab-scale batch reactor by
maintaining the dynamic similarity followed by the application of other empirical
design correlations using various dimensionless groups.
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2.1 Geometry Detail of Reactor Parts

The lab scale batch reactor consists of shell 530 × 210 × 3 mm with Shell Jacket 603
× 165 × 2 mm. The total volume of the reactor is 5 L and the actual working volume
is 3.5 L. The agitator is used for mixing having shaft dimension 8 mm diameter and
210 mm length, Blades used having dimensioned 16 × 12 × 2 mm. We also provide
a provision for air spurge. For the heating purpose, we designed a new type of heater
having heating coil 10 mm diameter. The material used for the fabrication of lab scale

Fig. 1 Technical drawings-1 of each part with the assembly of batch reactor of laboratory scale



822 N. S. Topare et al.

Fig. 2 Technical drawings-2 of each part with the assembly of batch reactor of laboratory scale

batch Reactor is SS 316. The following Figs. 1 and 2, show the technical drawings
−1 and 2 of each part with the assembly of batch reactor of laboratory scale.

2.2 Software Used

2.2.1 SolidWorks Software

A mechanical design automation programme, SolidWorks CAD software enables
developers to rapidly draw up ideas, test features and measurements, and generate
modeling, simulation and informative drawings. A SolidWorks model is composed
of a component or assembling document in 3D solid geometry. Usually start with a
sketch, construct a basis function and then add more characteristics to our model (can
also start with a solid geometry or imported surface). It can enhance our architecture
with the addition, alteration or reorganization of functions. In combination with parts,
assemblies and sketches, modifications to a document or view are made automatically
for all other documents and views. At any point in the design process it can produce
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Fig. 3 3D model design of lab scale batch reactor by using SolidWorks software

sketches or assemblies [8]. Figure 3, shows that the 3D model designs of lab-scale
batch reactor by using SolidWorks software. In general, the design process includes
the following steps:

• Determine the model specifications
• Conceive the model according to the needs defined
• Design the concept-based model
• Review of the model
• The model prototype
• Build the model
• If required, edit the model.

2.2.2 PV-Elite Software

PV-Elite offers developers, designers, suppliers, estimators, and a graphical, easy-
to-use software programme, and tall towers, horizontal vessels, individual vessels
and heat exchangers with full design capabilities inspectors. In compliance with the
rules of ASME Sect. 8, Division 2, Canadian NBC, EN-13445 and PD5500, PV
Elite may be used in the design, submission or re-rated of a wide range of vessels
and vessel components. The Interface, which gathers the definition of the model,
ensures that the pattern is accurate. The analysis is easily shown on the computer
interactively with the intermediate findings. Instant technical assistance for each
data field offers context sensitive support. For each phase of the study, the outcome
is shown in an organised and succinct format with the reports available. PV-Elite is
also designed for engineering like other Intergraph programmes [9, 10]. Compare
the manually and PV-ELITE shell software, the ellipse head and the straight flange,
respectively compare thickness, maximum allowable working pressure (MAWP) and
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Fig. 4 Lab scale batch reactor part thickness calculation by using PV-Elite software

maximum allowable pressure (MAP). The variations in the results are well within
the permissible range. Figure 4, shows that the lab-scale batch reactor part thickness
calculation by using PV-Elite software.

2.3 Control Logic

For carried out an operation some instruments were used i.e. temperature Controller,
temperature Sensor, agitator, and Heater. We have developed control logic for control-
ling processes carried out in a lab-scale batch reactor. Figure 5, shows the detail flow
diagram of control logic.

2.4 Experimental Method and Setup

The transesterification of sunflower waste cooking oil can be expressed as follows
by the use of methanol:

For each mole of waste cooking oil a stoichiometric reaction requires three
methanol moles and is an equilibrium reaction. The methanol/oil molar ratio is 3:1, as
the literature suggests that it is the optimum ratio for transesterification of vegetable
oil [7]. The transesterification reaction was carried out in the designed and fabricated
lab-scale reactor with a mechanical stirrer. Figure 6, shows the actual experimental
setup.



Lab Scale Batch Reactor Design … 825

Fig. 5 Schematic representation of control logic

Fig. 6 Actual experimental
setup (Lab scale batch
reactor)
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Fig. 7 Percentage yield of waste cooking soybean oil into biodiesel

Raw SWCO as feed was made free from water, as any water or moisture in the
system will consume some of the catalysts and slow the transesterification reaction.
The transesterification process was studied for catalyst 1, 2, and 3 wt% of NaOH
at reaction temperature 70 °C, the reaction time of 2.5 h, 5:1 methanol/oil ratio and
at atmospheric pressure. At a temperature lower than the boiling point of methanol,
the reaction occurs at atmospheric pressure, i.e. at 70 °C to ensure conversion only
depends on reactor concentrates and avoid vaporization of the methanol. After the
reaction ended the product was taken through the outlet at the bottom of the reactor
then put in the separating funnel for separation. With the density difference, two
phases are formed as a result of the transesterification reaction. The upper layer
consisted of methanol, biodiesel, soap and glycerin, impurities and catalyst with
traces of unreacted oil composed the lower layer. The upper layer has been cleaned
by removing methanol through the maintenance of the mixture at a high temperature
of 80 °C and the removal soap was rendered with warm water. Figures 7 and 8 shows
the percentage yield and conversion of waste cooking soybean oil into biodiesel.

3 Conclusion

In accordance with design requirements and specifications, the lob-scaled batch
reactor for the transesterification process for biodiesel production was successful.
Design values were also calculated using PV-Elite and the results were compared.
Manual calculation of thickness is about 8% more while working pressure calcula-
tion is about 10% less when compared with PV-ELITE software output. Biodiesel
produced by reactors from sunflower waste cooking oil yields good results. Results
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Fig. 8 Percentage conversion of waste cooking soybean oil into biodiesel

show that produced biodiesel from SWCO was within the recommended standards of
biodiesel fuel and also observed that the transesterification reaction using the NaOH
catalyst was effective. The yield and conversion of produced biodiesel from SWCO
by using NaOH catalysts in a lab-scale batch reactor at 70 °C are 94% and 96%
respectively at 3 wt%. There have been some changes and technological adjustments
to the development in the laboratory-scale reactor batch.

Acknowledgements Authors (NST, KDP & SVK) acknowledge the support provided by Mr.
Nilesh Inamdar, Director, Patpert Teknow Systems, Pvt., Ltd, Pune through the academic
collaboration for the Reactor fabrication
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Abstract. The use of activated carbon (AC) as a strong adsorbent was commonly used. This work 
deals with the study of textile industry wastewater (dye) adsorption on AC produced from Bamboo 
and Green coconut shell through chemical activation method. The effect of various process parameters 
such as the amount of adsorbents, initial concentration of dye, pH, contact time, temperature and 
agitation speed on percentage removal of dye on the activated carbon i.e. Bamboo activated carbon 
(BAC) and Green Coconut Shell Activated carbon (GCSAC) batch adsorption tests were investigated. 
Testing was performed for quantitative description of Langmuir and Freundlich equilibrium 
adsorption isotherms. Based on the experimental findings, the equilibrium was observed in 6 hours. 
Langmuir isotherm was the best suited for the adsorption of dye, with a maximal adsorption capacity 
of 142.86 mg / gm. The removal of dye by the use of BAC has been found to be greater than GCSAC. 

 
1. Introduction 
Owing to the widespread and growing use of a variety of dyes, contamination from waste water has 
become a serious environmental threat in recent years. In many industries including textiles, rubber, 
plastics, printing, leather, cosmetics and others, dyes are commonly used in the manufacture of 
coloured goods as well. It is estimated that approximately 3% of these colours, which are produced 
from most of textiles, are dumped into the water system [1]. The ecological structure of the receiving 
surface water potential is impaired by the waste water, and so the groundwater supplies are definitely 
disrupted. The majority of dyes used are stable to light and are not biodegradable in the textile 
industry.  
      It is important to process it before discharge in the atmosphere to reduce the risk of 
contamination from this waste. In order to remediate wastewater dyes, various processes have been 
investigated including photo-catalytic degradation using UV / TiO2, sound degradation, biologic 
Fenton treatment, biodegradation, chemical biological integration process, electrochemical process, 
adsorption process, degradation process with chemical coagulation-flocculation, etc. It has proven to 
be the most efficacious among the different techniques for its remediation adsorption technique [2-3]. 
Adsorption is a process of unit activity which refers to the fixation of molecules to the surface. This 
is because certain solids preferably adsorb another solution on their surfaces from the solution. 
Especially with different adsorbents, dyes are removed [4].  
      A variety of these adsorbents were investigated for removal, including the orange peel, the neem 
seed, the olive cakes, the date palm, the olive shell, the coal etc. In comparison to other adsorbents, 
however, activated carbon had important removal properties and it is a flexible, high porosity, high 
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surface adsorbent. Selectively the activated charcoal has been used for removing dye, commonly 
used in the textile field, among different forms of dyes extracted [5]. The purpose of this study is 
therefore to evaluate the impact of the process parameters such as the amount of adsorbents (0.5, 1, 
1.5, 2, 2.5 g/L), initial concentration of dye (200, 400, 600, 800 mg/L), pH (3, 5, 7, 9, 11), contact 
time (1, 2, 3, 4, 5, 6, 7, 8 Hrs.), Agitation speeds (100, 200, 300 rpm) and temperature (30, 40, 50 0C) 
on removal capacity of dye. However, compared with other conventional adsorbents the adsorption 
activity of BAC for removal of dye, water has been less reported. 
 
2. Experimental 
 
2.1. Preparation of adsorbents: 
The materials necessary for the preparation of the AC (bamboo and green coconut shell) were 
collected in the local region.  To extract soil, dried and crushed seving through a 60-mesh sieve, 
bamboo and green coconut shell have been washed. The chemical activation agent phosphoric acid 
(H3PO4) was used to generate AC. All Chemicals were used analytical (AR) grade and the glassware 
was washed with distilled water. The carbonization of the materials was done at 200oC for two hours 
and allowed to cool at room temperature. A 250 g sample of crushed bamboo and green coconut shell 
was combined with a fixed volume of H3PO4. A bamboo/H3PO4 and a green coconut shell/H3PO4 
mixture were used and kept in the stainless steel container. The container was put in a muffling oven 
at a temperature of 6000C, reached progressively within 3 hours and was held for 45 minutes. BAC 
and GCSAC were washed after cooling down until pH 7. In an oven at 100 ° C, the samples were 
then dried overnight to minimize any moisture content. In an airtight bottle the prepared BAC and 
GCSAC were stored. Figure 1 shows the flow of processing of raw materials to AC. 
 

 
Figure 1. Flow of processing of raw materials to AC 

 
2.2. Characterization of adsorbents: 
BAC and GCSAC are the two adsorbents used in the present investigation. Adsorbents used for their 
characterization, such as bulk density, particle size, surface area and proximate analysis, provide 
physico-chemical characteristics. Physico-chemical characteristics of the adsorbents are presented in 
Table-1, BAC bulk density is noted to be lower than GCSAC. 
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Table 1. Characteristics of the BAC and GCSAC 
  

Sr.No Properties 
Adsorbent Types 

BAC GCSAC 
Typical Properties 

1 Specific surface area (m2 g-1) 316.20 291.80 

2 Total pore volume (cm3 g-1) 0.27 0.31 

3 Average pore diameter (A) 34.95 42.72 

4 Bulk density (g cm-3) 0.60 0.71 

Proximate analysis (wt. %) 
1 Moisture 9.39 10.70 

2 Volatile matter 25.57 26.77 

3 Fixed carbon 63.37 60.77 

4 Ash content 1.67 2.09 

Ultimate analysis 
1 C 61.74 58.74 

2 H 1.37 2.24 

3 N 5.63 3.07 

4 S 9.33 9.99 

5 O (by difference) 21.96 21.96 
 

2.3. Experimental Procedure: 
 
2.3.1. Batch adsorption studies: 
The tests were performed for the adsorption of the dye using the BAC and GCSAC as adsorbent. 
Adsorption studies are performed through observation of different important parameters such as 
namely, amount of adsorbents (0.5, 1, 1.5, 2, 2.5 g/L), initial concentration of dye (200, 400, 600, 
800 mg/L), pH (3, 5, 7, 9, 11), contact time (1, 2, 3, 4, 5, 6, 7, 8 Hrs.), Agitation speeds ( 100, 200, 
300 rpm) and temperature (30, 40, 50 0C). The experimental adsorption studies were conducted using 
a technique of a completely mixed reactor batch (CMBR). At 200 rpm and 300 C, the flasks were 
agitated in an isothermal shaker to achieve a balance. The time was observed for equilibrium of 5 
hours.  
     The experimental data were therefore calculated up to 8 hours to ensure maximum equilibrium 
was achieved. For two other flasks containing the same initial dye and the same activated carbon 
dose were accompanied by identical procedures; however the thermodynamic experiments were 
studied from 40 to 500C. The samples were centrifuged for 10 minutes at 1500 rpm in order to avoid 
interferences from being caused due to carbon fine material and the left-hand concentration in the 
overnatant solution was analyzed using the UV visible spectrophotometer by monitoring the changes 
in absorption at a maximum wavelength The dyes were taken from each dyes dye solution at a 
predetermined time interval [6]. Using the corresponding UV-visible spectrophotometers, dye 
concentrations in the sample solutions were determined before and after adsorption. It was measured 
using the normal calibration curve to the dye concentration [7]. In equivalent conditions each test was 
duplicated and mean values for additional calculations were used. The adsorption value at 
equilibrium qe (mg / g) was determined accordingly: 
 

X

VCC
q e

e

)( 0 ��
          

(1) 
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       Where, qe = Adsorbed dye per unit adsorbent mass (mg/g), C0 = Initial concentration of dye 
(mg/L), Ce = Final concentration of dye (mg/L), V = Volume of Solution (ml), X = Dose of dry 
adsorbent used (gm). For the adsorption experiments, fixed amount of adsorbents Bamboo Activated 
carbon (BAC) and Green coconut shell Activated carbon (GCSAC) was added to 250 mL of dye in 
each run at definite pH. In a fixed time interval the suspension was adsorbed. A sample was taken 
using a pipette at various intervals. 
 
3. Result and Discussion 
 
3.1. Influence of operating parameters 
The evaluation in the design of all adsorption systems is of vital importance for various operational 
parameters such as adsorbent dosage, dye, contact time, temperature, pH, agitation speed, etc . This 
effect was investigated for the removal by BAC and GCSAC adsorbents of various dyes. 
 
3.1.1. Effect of Adsorbent dose 
A significant parameter is the adsorbent dose since this defines the adsorbent potential for the initial 
adsorbate stage. Effect of BAC and GCSAC on dye removal by keeping some further experimental 
condition consistent at an initial dyes concentration of 200 mg/L was examined in adsorbent doses. 
Figures 2 and 3 demonstrate the effect of the adsorbent dose on dye removal. The results showed that 
the removal by percentage has increased to a 2 g/L adsorbent dose and remains virtually constant 
from Figures 2 and 3. This could result from an improvement in the adsorption dose that increases 
the adsorption region, which enhances the availability of more sites for adsorption. At low 
concentrations, equilibrium was found to be reached more easily. Therefore, the adsorbent BAC and 
GCSAC adsorption dose was chosen 2 g/L for all the adsorption experiments  
 

 
Figure 2. Adsorbent (BAC) dose effect on dye removal 
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Figure 3. Adsorbent (GCSAC) dose effect on dye removal  

 
3.2.2. Effect of initial concentrations of dye and contact time 
At different initial dye levels (200, 400, 600, 800 mg/L) at different time intervals, the 
experimentation was carried out at 300C, with agitation speed at the pH 7 and at a fixed adsorbent 
dose (2 g/L). The dye removal in various concentrations on BAC and GCSAC is shown in Figure 4 
and 5 respectively. The efficiency of the waste water treatment adsorbent is indicated by rapid 
absorption of contaminants and the establishment of equilibrium in a short time. Even the initial 
adsorbent or pollutant concentration has an important function since the adsorbent mass will adsorb a 
fixed amount of solvent only. The further solution or effluent is concentrated, the less effluent 
amount that can be purified by a specific mass of adsorbent [8]. The fractional adsorption is low in 
high concentration levels.  

 
Figure 4. Initial concentration effect and time of contact with dye on BAC for percentage removal 



IWCASME 2020

IOP Conf. Series: Materials Science and Engineering 983 (2020) 012005

IOP Publishing

doi:10.1088/1757-899X/983/1/012005

6

 

 
Figure 5. Initial concentration effect and time of contact with dye on GCSAC for percentage removal  
 
    It has been observed from Figures 3 and 4 that the removal of the dye is rapid for the first 04 hours 
and is slower and eventually saturated. A fast adsorption on the outside, followed by slower 
adsorption on the pores may explain this. Due to the fact that at lower concentrations almost all the 
colouring molecules were easily assorbed to the outer surface, but further increase in the initial dye 
concentration, since the initial dye concentration increases from 200 up to 800 mg/L, dye balance 
was declining from 98.90 to 90.90 %, and dye removal decrease from 96.07 to 89.44 %. The time of 
equilibrium was found to be independent of the initial concentration of dye. However, it takes 6 
hours to reach equilibrium. To ensure complete equilibrium, experimental data were calculated up to 
8 hours. The findings show that the removal percentage increases with an initial concentration 
reduction. However, with an increase in the initial dye concentration in all situations, dye uptake per 
adsorption unit weight was found to increase.  
 
3.1.3. Effect of pH 
Dyes-containing wastewater will be discharged at a different pH; therefore the effect of pH on dye 
degradation is necessary to analyse. In the whole of the adsorption process and especially in terms of 
adsorption capability, the pH of the dye solution affects the surface load of the adsorbent, the level of 
ionisation of the material in the solution and the dissociation of the working groups on the 
adsorption's active site [9]. It is well known that, due to the presence of H+ ions, the adsorbent is well 
adsorbed by the anion to lower pH values. Cations are adsorbed at high pH values because of 
negative adsorption surfaces. Experiments were performed at different pH values ranging from 3, 5, 
7, 9 and 11 in order to examine the influence of pH in the removal percentage. The analysis consisted 
of an agitation by using a water bath shaker at 300 C of 250 ml of a dye solution of 50 mg /l with 
various pH values (3-11). At 200 rpm, 8 hours were disturbed which was more than enough time for 
equilibrium. The pH was calibrated using the pH metre and with the solutions 0.1 N N NaOH and 0.1 
N HCl. The percentage dye removal in pH function is shown in Figures 6 and 7. At higher pH, dye 
removal is favourable. With pH rising from 3 to 5, the removal of dye is negligible. The removal of 
the dye increases significantly above pH 5. The maximum removal of dye was observed to be at pH 
11. However there is sharp increase in dye uptake for dye from pH 7 to 9 and then after there is little 
increase in dye uptake as the pH is further increased from 9 to 11. Therefore the best pH range for 
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adsorption of dye was from 7 to 11.  There were also findings showing that dye adsorbent effects on 
BAC and GCSAC of contact time and pH were studied. No effect of pH on equilibrium time, which 
remained around 6 hrs, was observed.  
 

 
Figure 6. pH effect and contact time on BAC for percentage removal 

 

 
Figure 7. pH effect and contact time on GCSAC for percentage removal  

 
3.1.4. Effect of Agitation speed 
Agitation is an useful characteristic for the delivery of solutions in bulk solutions and for the creation 
of external border films during sorption [10,11]. A broad range of agitation speeds (100, 200, 300 
rpm) has been tested in order to ensure that concentration, pH and temperature, along with other 
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parameters, are constant during the process. Figures 8 and 9 display graphically the findings 
obtained. The equilibrium dye in solid phase was influenced by low turbulent speed from the 
Figures-8 and 9. These findings suggest that adsorption of dye increases from 89.75 to 97.45% for 
BAC adsorption, while dyes adsorption of GCSAC increases from 87.24 to 95.95% with rotational 
speed increases from 100 to 300 rpm. Even so, the absorption of dye is not significantly hampered by 
increasing the agitation speed from 200 to 300 rpm. In relation to a low speed agitation, however, 
higher speed equilibrium was achieved. 
 

 
Figure 8. Agitation speed effect and contact time on dye removal on BAC 

 

 
Figure 9. Agitation speed effect and contact time on dye removal on GCSAC 
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3.1.5. Effect of Temperature 
The study of influence of temperature on the rate of adsorption is helpful in the determination of 
increase or decrease in the extent of adsorption and in computing the corresponding activation 
energies. Several researchers documented adsorption decreases with temperature increases [12,13]. 
Adsorption experiments were performed in various temperatures (300C, 400C and 500C) at the initial 
200 mg/L dye concentrations at pH 7 and 200 rpm.  
 

 
Figure 10. Temperature effect and contact time on BAC dye removal 

 

 
Figure 11. Temperature effect and contact time on GCSAC dye removal 
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      Figures 10 and 11 demonstrate graphically the outcomes of dye absorption experiments with 
various adsorbents (BAC and GCSAC) at different temperatures (300C, 400C and 500C) and it shows 
that the BAC and GCSAC adsorbent on removal of dyes is increasing as temperature is rising. The 
percentage removal of by BAC adsorbent increases from 96.25 to 98.44 % where as it increases from 
94.64 to 96.39 % in case of GCSAC as adsorbent with the rise of temperature from 30 to 500C at 200 
mg/l. There is negligible uptake of dye with increase in temperature from 30 to 500C in view of this 
all the experiments in batch mode were carried out at 300C.  From these figures, it is apparent that the 
adsorbed species take up relatively quickly at the initial stages of the adsorption process, which is 
slow in the later stage and ultimately saturated [14]. Furthermore, these curves are smooth, 
continuous and saturation-focused.   
 
3.2. Isotherm results: 
 
3.2.1. Langmuir Isotherm results: 
Equilibrium data were analysed with Langmuir’s model to absorb dye onto BAC and GCSAC. The 
product with unique adsorption (Ce / qe) in relation to the equilibrium concentration (Ce) has a linear 
relationship shown in Figures-12-(a, b , c) and 13-(a, b , c) with correlation factors (R2) > 0.99 which 
confirm that the Langmuir model has the same adsorption energy as BAC and GCSAC adsorbents. 
Form the graph, the slope was found which gives us the value of 1/(qmaxKL). The equation is y = mx 
+ c. The y-axis intercept gives the 1/qmax= m. Maximum qm monolayer dye capacity obtained with 
Langmuir model for dyeing BAC adsorbent is 142.86 mg / gm and 125 mg / gm dye with GCSAC 
adsorbent at 300C. Table 2 and 3, represent the Langmuir Models Isotherm constants for adsorption 
of dye on BAC and GCSAC. 

 
Figure 12 (a). Langmuir Isotherm plot for dye on BAC at 300C 
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Figure 12 (b). Langmuir Isotherm plot for dye on BAC at 400C\ 

 
 

 
Figure 12 (c). Langmuir Isotherm plot for dye on BAC at 500C 
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Figure 13 (a). Langmuir Isotherm plot for dye on GCSAC at 300C 

 
 

 
Figure 13 (b). Langmuir Isotherm plot for dye on GCSAC at 400C 
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Figure 13 (c). Langmuir Isotherm plot for dye on GCSAC at 500C 

 
Table 2: Langmuir Models Isotherm constants for adsorption of dye on BAC 
 

Parameters for the Langmuir adsorption isotherm onto BAC 
Temperature (0C) Constants Magnitude 

KL, [L/mg] 0.024 
qmax [mg/g] 142.86 

R2 0.985 

KL, [L/mg] 0.029 

qmax [mg/g] 142.86 

R2 0.997 

KL, [L/mg] 0.055 

qmax [mg/g] 125 

R2 0.99 

 
Table 3. Langmuir Models Isotherm constants for adsorption of dye on GCSAC  
 

Parameters for the Langmuir adsorption isotherm onto GCSAC 
Temperature (0C) Constants Magnitude 

KL, [L/mg] 0.027 

qmax [mg/g] 125 

R2 0.978 

KL, [L/mg] 0.026 
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qmax [mg/g] 111.11 

R2 0.963 

KL, [L/mg] 0.026 

qmax [mg/g] 125 

R2 0.938 

 
3.2.2. Freundlich Isotherm results 
The data on equilibrium for the dye adsorption to the BAC and GCSAC have been evaluated with the 
Freundlich equation. Figures-14-(a,b,c) and 15-(a,b,c) represents the plot of ln qe versus ln Ce, This 
line is straight, with an interception value of ln KF and 1 n slop, presented in Tables 4 and 5. R2 
obtained from the Freundlich model shows that the experimental data can fit into the Freundlich 
model and n >1 suggests a favorable adsorption mechanism for dye on BAC and GCSAC. On the 
basis of the R2 value, however, the Freundlich isotherm seems less successful than Langmuir 
isotherm models.  
 

 
Figure 14 (a). Freundlich Isotherm plot for dye on BAC at 300C 
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Figure 14 (b). Freundlich Isotherm plot for dye on BAC at 400C 

 
 

 
Figure 14 (c). Freundlich Isotherm plot for dye on BAC at 500C 
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Figure 15 (a). Freundlich Isotherm plot for dye on GCSAC at 300C 

 
 

 
Figure 15 (b). Freundlich Isotherm plot for dye on GCSAC at 400C 
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Figure 15 (c). Freundlich Isotherm plot for dye on GCSAC at 500C 

 
Table 4. Freundlich Model Isotherm constants for adsorption of dye on BAC  
 

Parameters for the Freundlich adsorption isotherm onto BAC 
Temperature (0C) Constants Magnitude 

KF,  [mg g-1] [mg3 / g]1/n 6.76 

n 1.65 

R2 0.96 

KF, [mg g-1] [mg3 / g]1/n 8.77 

n 1.76 

R2 0.97 

KF, [mg g-1] [mg3 / g]1/n 13.72 

n 2.07 

R2 0.98 

 
 
Table 5. Freundlich Model Isotherm constants for adsorption of dye on GCSAC  
 

Parameters for the Freundlich adsorption isotherm onto GCSAC 
Temperature (0C) Constants Magnitude 

KF,  [mg g-1] [mg3 / g]1/n 12.96 

n 2.34 

R2 0.98 

KF, [mg g-1] [mg3 / g]1/n 6.54 
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n 1.75 

R2 0.96 

KF, [mg g-1] [mg3 / g]1/n 6.74 

n 1.66 

R2 0.97 

 
4. Conclusion 
The use of BAC as an adsorber is clearly shown to be much more effective than GCSAC in this 
research work. That can be used effectively to absorb dye from the aqueous solution at 98.90%. 
During the investigation process, the various parameters observed indicate that the total adsorption 
process is significantly influenced by the amount of adsorbents, initial concentration of coloration, 
pH , contact time, agitation speeds and temperature. Test results were adapted for Langmuir as well 
as Freundlich isotherms. Langmuir is stronger than the Freundlich Isotherm with a maximum 
adsorption potential of 142.86 mg/gm, demonstrated by adsorption constant and regression factor. 
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