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Abstract: The current exploration was researched utilizing Gelidium Amansii powder as a potential 
biosorbent for the evacuation of bromo thymol blue dye. The working boundaries included are unsettling time, 
biosorbent size and pH of the arrangement, beginning concentration, dosage of biosorbent and temperature 
of the arrangement. The advancement was moreover consolidated utilizing Central Composite Design (CCD). 
The ideal time and size are 60 min and 53 m, optimum pH was obtained at 5.0. The energy and isotherm 
examines are additionally considered alongside thermodynamic examination.  
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1. INTRODUCTION 
Sorption is turning into a promising choice to supplant or enhance the current dyes 
expulsion measures from textile wastewaters [1]. These squanders ruin the common 
environment of the oceanic species [2]. The best practice for the expulsion of dyes and 
hefty metals is considered for the current examination which is none other than Sorption 
[3]. The technique is useful and effective in obtaining highly accurate thermodynamic 
data for sorption [4]. Costs and environmental aspects are the primary advantages of 
sorption and recommended throughout worldwide for low concentrations [5-6]. The 
present experiment is aimed at removal of Bromo Thymol Blue dye from synthetic waste 
waters using Gelidium Amansi red algae powder. The variables incorporated in the 
present study are contact time, sorbent size, pH, initial concentration, dosage of sorbent 
and temperature. In addition to the above operating parameters isotherms, kinetics and 
thermodynamics were also evaluated. The final experimental runs incorporated are 
optimization through central composite design. Characterization study was also carried 
out and presented in this paper for cross checking whether sorption process was 
successful or not.   

2. Experimental Procedure 
Gelidium Amansii red algae were acquired from Tenneti park, Visakhapatnam. Alage was 
washed a few times with water and distilled water to eliminate residue and debasements. 
At that point it was sundried for 15 days to dry and eliminate pigmentation. At that point 
dry algae was crushed in a blender to powder. Division of powder was done utilized 
British Standard Sieves (BSS sieves – 53, 75, 103, 125 and 152 m) and put away in 
impenetrable fixed plastic compartments for experimentation. 1000 mg/L stock 
arrangements were set up by blending 1.0 gm of BTB dye in 1000 ml round bottom flask 
(1000 ppm concentration). 50 ml of 20 ppm was taken in a 250 ml conical flask and 0.5 
gm of 53 m size was added and shaken in orbital shaker for changing times from 5 to 
180 min to acquire ideal unsettling time. Comparable tests were directed to assess ideal 
sorbent size, pH, concentration, dosage and temperature. Isotherms, Kinetics and 
thermodynamics were assessed from these trial runs. Improvement was finished utilizing 
Statistica software utilizing Response surface Methodology (Central composite design). 
 

3. RESULTS AND DISCUSSION 
3.1 CHARACTERIZATION 

3.1.1 Fourier Transform Infra Red Spectroscopy (FTIR) 
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Infrared spectroscopy has a place with the gathering of sub-atomic vibrational 
spectroscopies which are particle explicit and give direct data about the utilitarian 
gatherings, their sort, connections and directions 

3.1.1a) FTIR spectrum of untreated Bromo Thymol Blue dye 

FTIR range of untreated gelidium amansii red algae powder is introduced in fig. 3.1(a). 
The FTIR spectrum presented in the figure below indicates the presence of Amine C-N 
stretch at a band of 1296.02721 cm-1, and the peak at the band width of 1440.6731 cm-1 
attributed to the presence of methylene group of lipids. The anti symmetric stretching of 
RCOOH- is observed at  band width of 1579.53316 cm-1, at the band width of 2497.5524 
cm-1 Amine stretch of N-H is observed, The presence of  -OH stretch is confirmed at the 
peaks of 3479.2159 and 3521.64363 cm-1. 
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Fig. 3.1 (a) FTIR spectrum of Bromo Thymol Blue dye with untreated Gelidium 
amansii red algae powder & 3.1 (b) FTIR spectrum of Bromo Thymol Blue dye 
treated Gelidium amansii red algaepowder 

 

3.1.1b) FTIR spectrum of Bromo Thymol Blue dye treated with Gelidium amansii 
red algae powder 

FTIR estimations for BTB color stacked algal biomass are appeared in fig. 3.1 (b). The 
amine N-H stretching is observed at the wavelengths of 2377.97844, 2514.90994, 
2620.98359, 2748.27198 cm-1, the presence of -OH bond is confirmed at the peak with 
the corresponding wavelength of 3479.2159 cm-1 [7-9].  The shift in bonds favourably 
indicates the active sorption process. 

 

3.1.2 X-Ray Diffraction 

The X-Ray Diffractograms (XRD) of the powder tests are taken utilizing a Rigaku Ultima 
model IV. The diffracted X-beam forces are recorded as an element of 2λ by utilizing 
copper target (Cu-K radiation with frequency, λ= 1.5492 A0) at an output speed of 
20/min. XRD designs are recorded from 30 to 900. Various periods of the examples are to 
be recognized by contrasting and a bunch of 'd' values and the comparing powers with the 
guidelines from the ICDD (International Center for Diffraction Data) records.  

3.1.2a) XRD for Bromo Thymol Blue dye untreated with Gelidium amansii red algae
  

XRD examples of untreated powder are appeared in figs. 3.2 (a) and (b). XRD designs 
appeared in figs. 4.3.3 (a) and (b) don't demonstrate sharp pinnacles, less BTB stallinity 
and show minimal formless nature.The XRD data shows the peaks at the 2θ values of 
45.33, 45.71, 45.86, 45.96, 46.28, 46.51, 46.90, 47.20 corresponds to the C60 . 2 S8 (beta, 
90 K), 1,2-Bis-crown-5-calix arene, 2C70, 3CS2 solvate, I24 O192 Si96, Na2 O5 Si2, 
C15 Br3 Cu3 F18 N6, As19 Pb4 S68 Sb21 Tl8 and High-Spin cisis (acetonitrile) Tetrakis 
(triphenyl phosphine oxide) iron(II)  Triiodide--Acetonitrile (C78 H69 Fe I6 N3 O4 P4). 
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Their d values are 1.999, 1.9832, 1.97712, 1.97305, 1.96015, 1.95099, 1.93867 and 
1.92407. The miller indices (h k l)  are (-1 0 1), (1 0 1), (1 1 1), (-1 2 1), (1 2 1), ( 1 11 0), 
(2 3 0) and (0 7 1) respectively.    

 

Fig. 3.2 (a) XRD pattern of Bromo Thymol Blue dye with untreated Gelidium 
amansii red algae powder & Fig. 3.2 (b) XRD pattern of Bromo Thymol Blue dye 
with untreated Gelidium amansii red algaepowder with matching compounds 

3.1.2 b) XRD for Bromo Thymol Blue dye treated with Gelidium amansii red 
algaepowder 

XRD designs for treated powder [Figs.3.2 (c) and (d)] display great BTBystallinity, more 
nebulous nature and expansion in surface zone and porosity. The tops at 2θ estimations of 
0.7765, 0.6899, 0.6084, 0.5983 and 0.5397 validate the presence of Fe39Sb9Se4, 
AS14Cs4Zn,O9P3Y, F7RuXe and Cl2H12P4Ru. Their comparing d-values are 3.9371, 
3.7334, 3.4874, 3.4391 and 3.6449 The change in the formation of new compounds states 
clearly that both physical and chemical sorption have occurred [10-12]. 

 

Fig. 3.2 (c) XRD pattern of Bromo Thymol Blue treated with Gelidium amansii red 
algae powder & Fig. 3.2 (d) XRD pattern of Bromo Thymol Blue treated with 
Gelidium amansii red algae with matching compounds 

3.1.3 Scanning Electron Microscope (SEM) 

SEM is a valuable strategy in the investigation of both the common sorbent morphology 
and its alteration got from sorbate connections. SEM is an electron magnifying lens which 
gives pictures of the example surface by filtering it with a high energy light emission. The 
electron communications with the molecules of the example produce flags that contain 
data about geography, morphology, and creation of the example surface. The examples 
should be electrically conductive, at any rate on their surface, for ordinary SEM imaging. 
Nonconductive examples are covered with a super dainty layer of electrically leading 
material. This covering forestalls the aggregation of static electric charges on the example 
surface during electron light. Amplification of the imaging can be controlled over a scope 
of up to 6 significant degrees from about ×25 to multiple times. SEM-EDAX gives proof 
for both presence of colors on the sorbent surface and color BTB precipitation. In this 
examination, potential instruments associated with the sorption of the harmful 
components in biomasses and contrasts because of the utilization of the changes are 
explored utilizing SEM.  

3.1.3a) SEM analysis for untreated Gelidium amansii red algaepowder 
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The SEM pictures of untreated gelidium amansii red algae powder appeared in fig. 3.3 
(a), shows the surface morphology of powder as permeable and lopsided. From the SEM 
pictures, unmistakably the explored sorbent is permeable material because of the presence 
of pores and cavities [13-15].  

  

Fig. 3.3 (a) SEM pattern of Bromo Thymol Blue dye with untreated Gelidium amasii 
red algae powder 

 

Fig. 3.3 (b) SEM pattern of Bromo Thymol Blue dye with treated Gelidium amansii 
red algae  powder 

3.1.3b) SEM analysis for treated Gelidium amansii red algaepowder 

SEM examination after removal in Fig. 3.3 (b) shows that the surface has unpredictable 
surface with globular, extended grains and sparkly particles over the outside of biosorbent 
which are missing in the new biosorbent. These lengthened grains show that the BTB 
color particles are followed onto the outside of green growth. The grouped grains like 
morphology, on treated biosorbent signify expanded dynamic surface region. 

 

3.2 Equilibrium studies on removal  of Bromo Thymol Bluen dye onto Gelidium 
Armansii Red Algae powder  

3.2.1 Effect of Contact Time: 

The impact of disturbance time on the expulsion of BTB color onto Gelidium amansii red 
algae powder was learned at dose of 10 g/L. Furthermore, are appeared in fig 3.4. It tends 
to be seen from the plots that the pace of removal was extremely fast at introductory time 
of fomentation time. From that point, it bit by bit expanded with contact time until 
removal was reached to equilibrium point. This pattern of removal energy was because of 
the removal of color on the outside surface of biosorbent at the underlying time of contact 
time. At the point when the removal on the outside surface arrived at immersion point 
then the balance is accomplished. The balance time for Gelidium amansii red algae 
powder BTB color framework is 60 min, the % expulsion of time between 5 to 60 min is 
16% to 68%. furthermore, no further expulsion was happened past the time from 60 min 
to180 min. The % evacuation and color take-up were 1.36 mg/g as follows at 60 min. The 
time of contact between the dye and adsorbent and also the concentration of dye can 
affect the adsorption process. The % removal efficiency and adsorption capacity of BTB 
increased with increase of contact time and reached equilibrium after 60 min. Increase in 
contact time after 60 min cannot enhance the adsorption of BTB on Gelidium . In the 
beginning, the % removal of dye is very rapid due to the adsorption of more molecules of 
dye on the unsaturated external surface of adsorbent. After 60 min the surface pores of 
adsorbent are covered and it becomes difficult for dyes molecule to enter into the interior 
of adsorbent. The initial rapid % removal of dye may be due presence of more binding 
sites for adsorption of dye molecules and the slow removal of dye in the last stages may 
be due to occupation/saturation of these binding sites with dyes molecules. The 
equilibrium time required for the adsorption of different dye concentration is independent 
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of their initial concentration. The result shows that for all of the initial concentration the 
equilibrium was reached in the same time [16-18]. 

 

Fig 3.4 Effect of Contact Time on %removal of BTB dye 

3.2.2 Effect of Bisorbent Size: 

The impact size of biosorbent on the evacuation of BTB color onto Gelidium amansii red 
algae powder was learned at measurements of 10 g/L. A chart was drawn between % 
expulsion of color against size of biosorbent in fig 3.5 and for the fixed introductory 
grouping of arrangement at 20 mg/L, pH of 7, for the fixed volume of 50 ml of 
arrangement at an unsettling season of 60 min. The equilibrium time for Gelidium 
amansii red algae powder BTB color framework is 53 um, the % evacuation of BTB color 
decline 45 % to 68 % to estimate of biosorbent expands 152 to 53 um. The % expulsion 
and color take-up were 1.36 to 0.9 mg/g as follows It is cleared from the plots that % 
evacuation drops with size of biosorbent. It is because of less surface region accessible at 
higher size of biosorbent. Furthermore, take-up additionally diminishing with size of 
sorbent. Decrease in particles size of adsorbent usually results in enhanced adsorption of 
dye because the adsorption capacity of the adsorbent is directly proportional to the 
exposed surface area and inversely related to the particle diameter of nonporous material. 
By increasing the particle size, the number of particles per given mass decreases which 
results in decrease in specific surface area and hence the adsorption capacity [19-21]. 

 

 

Co = 20 mg/L w =  0.5 gmpH = 
7  Temp  = 30 C dp = 53 
umVol = 50 ml      
t = 60 min  
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Fig 3.5 Effect of Bisorbent size on %removal of BTB dye 

3.2.3 Effect of pH in aqueous solution: 

The pH of a fluid color arrangement is a significant checking boundary in removal as it 
influences the surface charge of the biosorbent material and the level of ionization of 
color particle. It is additionally straightforwardly related with rivalry capacity of hydrogen 
particles with biosorbate atoms to dynamic destinations on the biosorbent surface. In the 
current investigation BTB color removal information was acquired in the pH scope of 2 to 
8 of the fluid arrangements (C0=20 mg/L) utilizing 10 g/l of 53 µm size biosorbent. The 
impact of pH of watery arrangement on % removal of BTB color is appeared in fig. 3.5. 
The % removal of BTB color was expanded from 60 to 82 % as pH expanded from 2 to 5 
and color take-up is 1.2 to 1.64 mg/g and past the pH estimation of 5 it was diminished. 
Maximum uptake was at pH 5.0 and then, the uptake was declined sharply with further 
increase in pH. Gelidium showed the maximum removal capacity for BTB dye binding 
3.6 mg dye per gram dry biomass at equilibrium, respectively. Solution pH influences 
both the cell surface dye binding sites and the dye chemistry in water. The reactive dye 
release colored dye anions in solution. The cell wall matrix of red algae contains different 
functional groups such as carboxyl, hydroxyl, sulphate and other charged groups which 
are created by their complex heteropolysaccharides and lipid components. Protein can 
constitute 10–70% of the red algal cell wall. At lower pH values the biomass will have a 
net positive charge. It is expected that nitrogen containing functional groups such as 
amines or imadazoles in the biomass will also be protonated at acidic pH values. Higher 
uptakes obtained at lower pH values may be due to the electrostatic attractions between 
these negatively charged dye anions and positively charged cell surface. Hydrogen ion 
also acts as a bridging ligand between the alga cell wall and the dye molecule. The 
reduction in adsorption capacity of dye on alga with increasing pH can be attributed to 
change in surface characteristics and charge. As the pH of the system increases, the 
number of negatively charged sites increases and the number of positively charged sites 
decreases. A negatively charged surface site on the sorbent does not favour the adsorption 
of dye anions due to the electrostatic repulsion. It seems very difficult to explain the 
adsorption mechanisms with respect to pH due to a large number of variables involved in 
the sorption of dye anions by the biomass and the complexity of the surface and water 
chemistry [22-24]. 

Co = 20 mg/L 
w =  0.5 gmpH 
= 7  Temp  = 30 
C  Vol = 50 ml     
t = 60 min  
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Fig 3.6 Effect of pH on %removal of BTB dye 

3.2.4 Effect of Initial Concentration of BTB dye: 

Investigations were embraced to examine the impact of the underlying color focus on 
expulsion of BTB from the watery arrangement. The variety of % color expulsion and 
color take-up with introductory color fixation are introduced in Fig.3.7. The got bends 
indicated that the color take-up expanded with an expansion in initial concentration of 
color while the evacuation of color diminished with an expansion in beginning fixation. 
The expansion in color take-up might be the aftereffect of the increment in the main thrust 
i.e., focus slope, with an expansion in the underlying color fixation (from 20 to 200 
mg/L). In any case, the rate evacuation of by BTB color onto Gelidium amansii red algae 
powder was diminished from 82 to 50% for BTB color. The effect of Gelidium mass on 
the BTB dye adsorbed from a solution containing 20 mg/L concentration of BTB, owing 
to a greater number of active adsorption positions could be attributed to the increased 
amount of solid-phase present Gelidium [25-27]. 

 

Fig 3.7 Effect of Initial Concentration on %removal of BTB dye 

3.2.5 Effect of Bisorbent Dosage: 

For considering the impact of biosorbent measurement on expulsion of BTB color, the 
biosorbent dose is changed from 10 g/L to 70 g/L. fixing different boundaries, similar to 
introductory fixation at 20 mg/L, pH at 5 and molecule size of 53 µm, the contact season 
of 60 min. The fig 3.8 shows the variety of % expulsion of color with an expansion in 

Co = 20 mg/L w =  0.5 
gmTemp  = 30 C dp = 53 um 
Vol = 50 ml t = 60 min 
t = 60 min  
 

w =  0.5 gmpH = 5  Temp  = 
30 C dp = 53 um Vol = 50 
ml t = 60 min  
 

Journal of Shanghai Jiaotong University

Volume 17, Issue 5, April - 2021

ISSN: 1007-1172

Page No: 90



 

 

biosorbent dose. The equilibrium time for Gelidium amansii red algae powder BTB color 
framework is 53 um, the % expulsion of BTB color increment 82 % to 94 % to 
measurements of biosorbent builds 10 to 70 g/L. At the point when the removal on the 
outside surface arrived at immersion point then the balance is achieved. The equilibrium 
time for Gelidium amansii red algae powder BTB color framework is 30 g/L, the 92% 
evacuation of biosorbent measurements increment to 10 to 30 g/l is 82% to 92%. what's 
more, no further expulsion was happened past the biosorbent dose from 30 to 70 g/L. The 
% evacuation and color take-up was 0.6133 mg/g as follows biosorbent dose 30g/L. 
Equilibrium sorption capacities of Gelidium exhibit a significant decrease (from 1.64 to 
0.26875 mg g−1 for BTB). This can be explained by the increase in overall surface area 
due to introducing more amount of sorbent and, hence, an increment in the (R %). 
Alternatively, more active sites became available for binding with dyes molecules. 
However, at higher dosage of the Gelidium sorbent, the available number of BTB dye 
molecule becomes insufficient to establish complete binding (saturation condition). In 
addition, the higher dosages of the sorbent are predicted to block some sorption sites 
because of aggregation or overlapping of sorbent particle occurrence (screen effect) [28-
30]. 

 

Fig 3.8 Effect of Bisorbent Dosage on %removal of BTB dye 

3.2.6 Effect of Temperature: 

The impact of progress in the temperature on the BTB color take-up is appeared in fig.3.9. 
The removal of BTB color onto Gelidium amansii red algae powder at various 
temperatures and various focuses indicated an expansion in the biosorpton limit when the 
temperature was expanded. The temperature has two primary impacts on the removal 
cycle. An expansion in temperature is known to build the dissemination pace of the 
biosorbent across the outer limit layer and inside the pores. Besides, changing the 
temperature will alter the equilibrium limit of the biosorbent for a specific biosorbate. The 
impact of temperature was explored from clump tests did at five steady temperatures: 283, 
293, 303, 313 and 323 K. With an increase in temperature, the % expulsion was expanded 
from 81 to 93% for BTB dye as demonstrated in fig 3.9. 

It was observed that sorption performance of Gelidium increased with an increase in the 
environmental temperature. This can be explained by a decrease in solution viscosity with 
an increase in reaction temperature. This led to an enhancement in dye molecules mobility 
associated with their feasible penetration through sorbent pores, reaching sorbent-active 

Co = 20 mg/L pH = 5   Temp  = 
30 C dp = 53 um Vol = 50 ml t 
= 60 min  
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sites, and hence, binding between sorbate molecules and sorbent-active sites occurs [31-
33]. 

 

Fig 3.9 Effect of Temperature on %removal of BTB dye 

3.2.7 Isotherms 

The isotherms are portrayed by the specific constants the estimations of which express the 
surface properties and fondness of the sorbent and can likewise be utilized to look at 
biosorptive limit of biosorbent for various colors. Out of a few isotherm model conditions 
three model conditions were applied for this investigation. They are, Langmuir, 
Freundlich, and Temkin isotherms are acquired at room temperature [34-36].  

3.2.7.1 Langmuir isotherm: 

The Langmuir isotherm has been effectively applied to numerous toxin removal measures 
and has been most generally utilized isotherm for the removal of a solute/color from a 
fluid arrangement. A fundamental presumption of the Langmuir hypothesis is that remova 
happens at explicit homogeneous locales inside the biosorbent. It is then expected that 
once a solute molecule possesses a site, no further removal happens. 

 

Fig 3.10 Langmuir isotherm for %removal of BTB dye 

Co = 20 mg/L w =  1.5 gm 
pH = 5   dp = 53 um Vol = 50 
ml t = 60 min  
 

Co = 20 mg/L w = 1.5 gm 
pH = 5  Temp = 30 C   dp = 
53 um Vol = 50 ml     t = 60 
min  
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The impact of isotherm shape can be utilized to foresee whether a sorption framework is' 
great' or 'ominous 'in a bunch cycle the basic fates of the Langmuir isotherm can be 
communicated as far as a dimensional less consistent partition factor or balance boundary 
RL which is characterized by the accompanying condition:  

RL =1/(1+bC0) … (3.1)  

Where  

RL, dimensionless partition factor/balance factor  

C0 is the underlying focus (mg/L) and  

B is Langmuir consistent (L/mg).  

From the estimation of "b" and RL is assessed utilizing above condition. The conditions 
for RL are appeared in table 3.8. The balance boundary RL demonstrates the sorption 
positivity.  

Estimations of RL got in the current examination are under 1 which demonstrates that the 
removal  of BTB color onto Gelidium amansii red algae powder is ideal. The estimation 
of RL is given in table 3.8. The relationship coefficient is R2=0.9827 and Langmuir 
condition got for the current investigation is:  

(Ce/qe) =0.0780 Ce + 2.4878, R2=0.9827 … . (3.2) 

3.2.7.2 Freundlich isotherm:  

In 1906, freundlich considered the sorption of a material onto Bcreature charcoal. He 
found that, if the grouping of solute in the arrangement at equilibrium, Ce was raised to 
the force' n' is relative to the measure of solute an adsorbed being qe. This exact isotherm 
can be utilized for non – ideal sorption and is communicated by the accompanying 
condition:  

qe= Kf Ce n … .. (3.3)  

The condition is helpfully utilized in the liner from by taking the logarithm the two sides 
as:  

ln (qe) =n*ln (Ce) +ln Kf … .. (3.4)  

 

Fig 3.11 Freundlich isotherm for %removal of BTB dye 

Co = 20 mg/L w = 1.5 gm  
pH = 5  Temp = 30 C   dp = 
53 um Vol = 50 ml    t = 60 
min  
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Freundlich isotherm is inferred accepting heterogeneity surface. Kf and n are markers of 
removal limit and removal power. Fig 3.11 is plot of ln [Ce] versus ln [qe], which is a 
straight line with a slant of n and a capture of ln (Kf)  

3.2.7.3 Temkin isotherm: 

The induction of the Temkin isotherm accepts that the fall in the warmth of sorption is 
liner instead of logarithmic as suggested in the freundlich condition. The isotherm has 
commonly been applied in the accompanying structure.  

qe = RT ln (AT Ce)/bT   … (3.5)  

The direct type of temkin isotherm can be communicated as  

qe= (RT/bT) ln Ce+(RT/bT) ln(AT)      --- (3.6)  

Fig.4.3.13 is the plot of ln Ce versus qe, which is a straight line with slant of RT/bT and 
the capture of RT/bT ln (AT). The Temkin condition got for the current investigation is  

qe = 2.839 ln Ce - 2.7955, R2 = 0.9858 … (3.7)  

 

Fig 3.12 Temkin isotherm for %removal of BTB dye 

The experimental equilibrium data of BTB dye removal  by Gelidium Amansii  obtained 
at 300C. All the isotherms are positive, regular and concave to the concentration axis (L-
type isotherm) indicating an affinity for sorption. However all cases exhibited a complete 
monolayer of dye covering the surface of each biosorbent. The data also confirmed that 
the Langmuir model closely predicted the equilibrium data, as evident from the 
overlapping of its model curve. The suitability of Langmuir model shows that the sorption 
process is monolayer onto a completely homogeneous surface with a finite number of 
identical sites and with negligible interaction between adsorbed molecules and has a 
constant adsorption energy. 

Table – 3.1 Isotherm constants 

Co = 20 mg/L 
w = 1.5 gm  pH 
= 5   Temp = 30 
C    dp = 53 um 
Vol = 50 ml     t 
= 60 min  
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3.2.8 Kinetic Studies 

The forecast of removal  rate gives significant data for planning cluster removal  
frameworks. The energy of solute take-up is needed for choosing ideal working 
conditions for full scale cluster measure. The energy of the removal  information was 
investigated utilizing two motor models, pseudo - first request and pseudo second request. 
These models are clarified as follows:  

3.2.8.1 Lagergren First order Kinetics 

The request for biosorbate – biosorbent collaborations have been depicted utilizing motor 
models. Customarily, the Lagergren first request model finds wide applications in 
removal  measures. On account of removal  went before by dissemination through a limit, 
the energy followed is the Lagergren first request condition:  

(dq/dt) = K1 (qe-qt)  .. (3.8)  

Where qt and qe are the sums biosorbed at t, min and equilibrium time and K1 is the rate 
consistent of the pseudo first request removal .  

The above condition can be introduced as  

∫ (dq/(qe-q)) = ∫ K1 dt  . (3.9)  

Applying the underlying condition qt=0 at t=0 we get  

log (qe-q) = log qe-(K1/2.303) t  .. (3.10)  

The Plot is drawn between the time (t) versus log (qe-q) (Fig.3.13 (a)) gives straight line 
for first request energy the calculation of removal first request rate steady (K1).  

 

Langmuir isotherm Freundlich isotherm Temkin isotherm 

qm  =  12.82051 mg/g Kf  = 0.831104 mg/g AT =  0.41569 L/mg 

KL = 0.031358 n   =  0.5515 bT =  998.7084 

R2  =  0.9827 R2 =  0.9964 R2 = 0.9649 

Co = 20 mg/L w = 1.5 gm  pH = 5   Temp 
= 30 C dp = 53 um Vol = 50 ml     t = 60 
min  
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Fig 3.13 (a)First order kinetics for %removal of BTB dye 

In the current examination, the energy were researched with 50 ml of fluid arrangement 
(C0=20 mg/L) for the contact season of 5 to 60 min.   

3.2.8.2 Pseudo Second order Kinetics 

On the off chance that the test results don't follow the above condition, pseudo second 
request motor condition (dq/dt) = K2 (qe-q) 2 is appropriate, where 'K2' is the subsequent 
request rate steady  

The other type of the above condition is:  

(dq/(qe - q)2) = K2 dt   .. (3.11)  

Let qe - q = x  

dq = dx  

(1/x) = K2 x+c  

C = 1/qe at t = 0 and x = qe  

Subbing these qualities in the above condition, we get:  

1/(qe - q) =K2 t + (1/qe)                .. (3.12)  

Adjust the terms we get the liner structure as:  

(t/q) = (1/K2 qe2) + (1/qe) t        .. (3.13)  

On the off chance that the pseudo second request energy are explored with 50 ml of 
watery arrangement (C0=20 mg/L) in the disturbance time periods to 60 min.  Pseudo 
second request plot of time 't' versus (t/q) appeared in fig 3.13(b). The second request 
energy got for the current examination is  

t/qt = 0.5114 + 14.575 t, R2 = 0.9855   .. (3.14)  

 

Fig 3.13 (b)Pseudo second order kinetics for %removal of BTB dye 

The plots indicated that such saturation type kinetic expression is also so valid to the 
present systems. These suggests that the removal  of Bromo Thymol Blue by the 
Gelidium Amansii may be best described by the first-order kinetics, following saturation 
type kinetic model, with fairly high correlation coefficients. 

Co = 20 mg/L w = 1.5 gm  pH = 5   Temp 
= 30 C dp = 53 um Vol = 50 ml     t = 60 
min  
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Table–3.2 Equations and rate constants 

Order Equation Rate constant R2 

Lagergren first order log (qe-qt) = –0.0209 t + 0.1527 0.048133 min-1 0.9950 

Pseudo second order t/qt = 0.5114 t + 14.575 0.017944  g/ (mg-min) 0.9855 

3.2.9 Thermodynamics  

Thermodynamic boundaries, for example, Enthalpy change (ΔH), Free energy change 
(ΔG) and Entropy (ΔS) can be assessed utilizing equilibrium constants changing the 
temperature. The free energy change of the sorption response given by the accompanying 
condition:   

ΔG = - RT ln Ka  .. (3.15)  

The balance consistent might be communicated as far as enthalpy change of removal  as 
an element of temperature as follows  

d (lnKa)/dt=ΔH/RT2         
    … (3.16)  

The coordinated type of condition becomes  

ln Ka= - ΔH/(R*T) +Y  

This condition can be improved to  

ΔG = - R*T ln Ka = ΔH - Y *R*T  

ΔG = ΔH - T*ΔS  

The Van't Hoff's condition is  

log (qe/Ce) = - ΔH/(2.303 RT) + ΔS/(2.303R)  .. (3.17)  

This shows unmistakably that the removal cycle is made out of two commitment, 
enthalpy change and entropy, which portray whether the response is unconstrained. The 
ΔG, ΔS, and ΔH estimations of BTB dye particles various temperatures and various 
fixations are indicated given fig 3.14.  

 

Fig 3.14 VantHoff’s plot for %removal of BTB dye 

Thermodynamic boundaries for the removal  cycle of BTB color are figured from diagram 
of a log (qe/Ce) versus 1/T. ΔH and ΔS esteems are determined from the slant and block. 

Co = 20 mg/L w = 1.5 gm  pH = 5   Temp 
= 30 C dp = 53 um Vol = 50 ml     t = 60 
min  
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Enthalpy is the most utilized thermodynamic capacity because of its useful criticalness. 
The negative or positive qualities are demonstrate the exothermic / endothermic nature of 
removal  and the actual compound in nature of sorption. The negative qualities for ΔG 
show the suddenness of removal . In the current investigation, the enthalpy change is ΔH 
positive demonstrating that the removal  is endothermic nature. The estimations of 
ΔS=65.23814, ΔG= -19744.3 and ΔH= 22.84063 acquired in present researching for 
various introductory centralizations of color are demonstrated given table. 

 
3.4 Conclusion 

The aim of this investigation is to determine the suitability of gelidium amansii red 
algaepowder as sorbent for the removal of BTB dyes from aqueous solutions. The 
equilibrium, kinetic and thermodynamic studies are carried out for sorption of BTB 
experimentally and theoretically.  The analysis of the experimental and theoretical data 
result in the following conclusions: 

The equilibrium agitation time for BTB dye sorption is 60 minutes. Percentage sorption of 
BTB dye from the aqueous solution increases significantly with increase in pH from 2 
(60%) to 5 (82%).  The optimum dosage for sorption is 30 g/L (1.5 mg/g). The maximum 
uptake capacity of  12.8205 mg/g  is obtained at 303 K. The thermodynamic data show 
that % sorption of BTB dye is increased with increase in temperature.  The investigation 
also reveals the endothermic nature of sorption as ∆H is positive (22.84063), irreversible 
nature of sorption as ∆S is positive (65.23814) and spontaneity of sorption as indicated by 
negative ∆G (G = –19744.3 J/mole). It can be concluded from the above results that 
Gelidium Amansii Red algae powder is capable of removing Bromo Thymol Blue dye. 
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