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Abstract - The never ending demand for the process
industry like textile, paints and pigments have been of major
concern now a days, due to the increased fraction of dyes
pollution. The extraction of the above pollution can only be
solved using biosorption. Hence an attempt is made using
sargarrsum muticum (brown algae) powder for the removal of
bromo phenol blue dye. The variables incorporated are time of
agitation, biosorbent size, pH, initial concentration, dosage of
biosorbent and temperature. The entire experiment process
have followed lagengren first order kinetics and langmuir
isotherm. The option pH was obtained at 4. The variation of
temperature has been found to be increasing up to a certain
limit and then after attainable equilibrium, it remained
constant. The total experimentation was carried out in a batch
process

isotherms,
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1. INTRODUCTION

Life on earth without water is impossible, inevitable and
inexorable. Water is a prominent and promising barrier for
ecological balance. Water is crucial to life for humans or
mankind, organisms etc on earth. Worldwide water
distribution scenario shows that only 2 % belongs to fresh
water and the remaining comprises salt water only [1, 2]. As
the human race is being acquainted with the advantages of
technology, the growth of industrial sector has also
enhanced, which inturn increased the pollution. Textile
industries have grown hastily due to the increased
population and their basic needs like clothing. The final
waste from these textile industries is more tough to cleanse
completely and the left over is released on to the surface of
earth. These pollutants were being settled slowly and
polluting the earth’s surface and depleting the ground water
quality [3]. Drinking or potable water is being associated
with these kind of dyes from underground water and
humans consuming this contaminated water are being
acquainted to new diseases. This can be stopped and
eradicated using different techniques [4, 5]. After
surveillance of different methods which are expensive and
leaves harmful chemicals, Biosorption has been very

promising now a days to treat and solve the above problem
[6, 7]. With less expensive and naturally available
biosorbents the above method is very promising and
propitious to solve the textile effluent problems.

2. MATERIALS AND METHODS

The materials and methods consists of the following steps:
Reagents and materials, Preparation of the biosorbents and
Studies on equilibrium biosorption process.

2.1 Reagents and materials:

All the chemicals used in this investigation were of analytical
grade and used without further purification. BPB was used as
the source of dye and all the solutions were made with
distilled water. The solution of BPB dye was made from a
stock solution containing 1000 mg of BPB dye in 1litre. The
pH of dye solution was adjusted to the desired value by
addition of 0.1M HCL and 0.1M NaOH solutions.

2.2 Preparation of the Biosorbent:

sargarrsum muticum algae was collected from Tenneti Park,
Jodugullapalem beach in Visakhapatnam and was washed
with water to remove dust and soluble impurities and dried
in sun light till the algae became crispy and colorless. The
dried algae were finely powdered and sized by passing it
through a set of sieves ranging from 300 to 75 mesh sizes.
The powder of 53,75, 105, 125 and 152 micron meters were
separated and stored in dry bottles with double cap and used
as biosorbent.

2.3 Studies on equilibrium biosorption process:

The biosorption was carried outin a batch process by adding
a pre-weighed amount of the sargarrsum muticum algae
powder to a known volume of aqueous solution for a
predetermined time interval in an orbital shaker. The
procedures adopted to evaluate the effects of various
parameters via. Agitation time, pH, initial concentration,
biosorbent dosage and temperature of the aqueous solution
on the biosorption of BPB dye were evaluated using single
step optimization process. Further optimized and checked
using Central Composite Design.
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3. RESULTS AND DISCUSSION

3.1 Characterization:

3.1.1 FTIR spectrum of untreated Bromo Phenol Blue
dye:

FTIR spectrum of untreated Sargassum muticum powder is
presented in fig. 1 (a). The sharp peak at 895.01 cm-1
denotes the involvement and participation of S=0 and C-S-0
from ester sulphonate in biosorption. The bands at 1039.68
and 1056.07 cm-1 indicates the involvement of C-H bending
bonds. The bands at 1153.48 cm-1 assigns the C-0
stretching bond.
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Fig. 1 (a) FTIR spectrum of Bromo Phenol Blue
untreated Sargassum muticum powder

The peak at 1201.70 and 1236.42 cm-1 in native biomass
designates the presence of C-O stretching, -SO3 stretching
bonds and is not observed after loading Bromo Phenol Blue.
It indicates the direct involvement of C-O stretching in the
ion-exchange process. The bands from 1318.40 to 1373.38
cm-1 denotes the presence of -CH2 bending vibrations. The
peaks at 1616.42 and 1623.17 represents the stretching of
C=Caromaticrings. The peaks at 1634.74 depict the oleifinic
C = C and carbonyl C= O stretching bonds. The peak at
2938.68 cm-1 assigned for CH2 stretching vibrations in is
shown in untreated powder. The sharp peak at 3253.09 cm-1
denots the presence of C-H stretching vibrations. Further,
the band peaks at 3322.53, 3334.10, 3345.67 and 3355.32
cm-1 are assigned for the bounded -OH and -NH groups and
-OH stretching or NH2 stretching bonds.

3.1.2 FTIR spectrum of Bromo Phenol Blue treated with
Sargassum muticum powder:

FTIR measurements for Bromo Phenol Blue loaded algal
biomass are shown in fig. 1 (b). The sharp peak at 1234.50
cm-1 is shifted to 1236.42 cm-1 denoting the involvement
and participation of SO3 streching in biosorption. The
shifting of band from 1602.91 cm-1 to 1616.42 cm-1
indicates the involvement of streching of C=C aromatic rings.
The bands at3177.86,3198.11 and 3209.69 cm-1 (assigned
for the presence of C-H stretching vibrations respectively)
are not shown in untreated biomass. The characteristic of
stretching modes of O-H (indicated by the band at 3312.88
cm-1) is also not seen in untreated biomass.
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Fig. 1 (b) FTIR spectrum of Bromo Phenol Blue treated
Sargassum muticum powder

Table-1

Shift of FTIR peaks for untreated and Sargassum
muticum powder treated Bromo Phenol Blue dye

S. Peaksin | Peaksin Description
No. | untreated | treated
powder, | powder,
cm-1 cm-1
1 | - 425.32 Furan 1,4
cyclooctateraene ring
breathing in phase
2 47258 | --------- 1,4 swinging in-plane
3 47740 | - Weak benzene ring
deformation
4 500.55 | --------- 1,3 and 2,4 symmetric
deformation out of
phase cyclooctateraene
ring deformation
5 513.09 | --eeeee-- 2,4 benzene
asymmetric
deformation
6 | - 516.94 | 2,4 benzene asymmetric
deformation
7 52816 | --------- 2,4 benzene asymmetric
deformation
8 55842 | --eeeee-- 2,4 benzene asymmetric
deformation
9 612.43 | ------ee- 2,4 benzene
deformation out of
phase
10 | ---—----- 617.25 | 2,4 benzene
deformation out of
phase
11 | - 649.07 | Weak benzene ring
deformation
12 781.20 781.20 | Weak benzene ring
deformation
13 | e 875.72 | S =0 and C-S-0 bands
from ester sulphonate
14 895.01 895.01 | S =0 and C-S-0 bands
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from ester sulphonate 50 2911.67 | --------- CH; stretching

15 | - 957.70 | S=0 and S-0 stretching vibrations
bond 51 292710 | - CH; stretching

16 | --------- 1036.78 | C-H bending vibrations vibrations

17 1039.68 | --------- C-H bending vibrations 52 2938.68 | --------- CH; stretching

18 1056.07 | --------- C-H bending vibrations vibrations

19 | -meeee- 1057.04 | C-H bending vibrations 53 | -eeeee- 2969.54 | CH; stretching

20 | -eeeeeee- 1068.61 | C-H bending vibrations vibrations

21 1070.54 | —ccoomee- -C-0  benzene ring 54 3031.26 3031.26 | C-H-stretching
stretching vibrations

22 1099.47 | -ceeeeee- -C-0  benzene ring 55 3048.62 3048.62 | C-H-stretching
stretching vibrations

23 | e 1104.29 | C-0 stretching 56 | 3064.06 | -----o-- C-H-stretching

24 | 1153.48 | ------e- C-0 stretching vibrations

T 1155.41 | C-O stretching 57 | 310649 | ---eee C-H-stretching

26 | 120170 | 120170 | C-O stretching vibrations

T 1234.50 | -SOs stretching 58 | oo 3148.93 | C-H-stretching

28 | 123642 | —----om- -S0; stretching vibrations

29 | 124414 | o -S0; stretching 59 | 314989 | - C-H-stretching

30 | 131840 | - ~CH; bending vibrations vibrations _

31 | oo 1319.37 | —CH; bending vibrations U 3177.86 le‘jr:tt_roelfghmg

I — 1339.62 | -CH; bending vibrations VIbratlons

33 | e 1362.71 | ~CH, bending vibrations 61 | wooe 3198.11 Si':r:ttiroe;ghmg

34 1362.77 | --------- -CH; bending vibrations -

35 | 137338 | —o- _CH, bending vibrations 62 | e 3209.69 ‘C,i':r';ttiroe;ghmg

36 1418.71 | --------- C-N stretching .

37 | 151611 | -~ Amide N-H bending 63 | 322994 | e CTS'St.rEtChmg
vibrations Vi ratlonsh.

38 | - 160291 | Stretching of C = C 64 | 324441 | e C.':'St.retc ing
aromatic rings vibrations -

39 | 161642 | 161642 | Stretching of C = C 05 | 325309 | - C-H-stretching
aromatic rings vibrations -

40 | 162317 | —o Stretching of C = C 66 | e 3265.63 CTS'St.retChmg
aromatic rings vibrations -

41 | 163474 | -oeeer Oleifinic C = C and 67 | 326659 | - C-istretching
Carbonyl C = 0 vibrations

; 68 3282.02 | --------- C-H-stretching
stretching vibrations

42 | e 1635.71 | Oleifinic C = C and 69 329938 | e C-H-stretching
Carbonyl C = O , .
stretching vibrations :

43 164535 | - Oleifinic C = C and 70 331095 | --------- O-H-stretch}ngmodes
Carbonyl C = O A 3312.88 | O-H-stretching modes
stretching 72 332253 | - Bounded -OH and -NH

44 | 165210 | - Oleifinic C = C and 31 333210 gm‘lp;d SH e N
Carbonyl C = O SV T ounded -UH and -
stretching groups :

L 1653.07 | Assymetric stretching 74 | 334567 | e -OH s}tll.‘etchmg or -NH;
vibration of C= 0 stretching

46 | e 236001 |C = N in_ the 75 335532 | - -OH stl.‘etchlng or -NH:
polyacrylnitrile 7 337075 SHtrztchlnlg =

47 | 287117 | 2871.17 | C-H-stretching T aé’li;g’;};reiz;‘*i‘;g ing or

S 2893.35 \(/:ilil)i"ations stretching 77 3384.25 | ---m----- 0-H-stretching modes

49 289431 | - CH, stretching 78 3484.56 | --------- 0-H-stretching modes
vibrations

© 2016, IRJET

Impact Factor value: 4.45 |

IS0 9001:2008 Certified Journal

| Page 1460




’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056

JET Volume: 03 Issue: 11 | Nov -2016

www.irjet.net

p-ISSN: 2395-0072

The sharp peaks of 1010.70 and 1070.49 cm' arose
suddenly after loading of Bromo Phenol Blue due to the
involvement of C-O stretching of alcohols and carboxylic
acids and -C-O benzene ring stretching respectively.
Further, three additional peaks at 1471.69, 1506.41 and
1521.84 cm! denoting stretching of C=C aromatic rings and
1568.13 cm! for amide N-H bending vibrations have
suddenly appeared in Bromo Phenol Blue treated biomass.
The peak appearing at 2343.51 cm! in Bromo Phenol Blue
treated powder is denoting phosphate ester group and is not
seen in native biomass. The peaks at 3523.95 and 3566.38
cm!are obtained in treated biomass due to the involvement
of the stretching vibration bands of hydroxyl group. This
may be due to the adjustment of pH and physical disruption
of cell walls upon the vigorous shaking.

3.1.3 X-Ray Diffraction:

The X-Ray Diffractograms (XRD) of the powder samples are
taken using a Rigaku Ultima model IV. The diffracted X-ray
intensities are recorded as a function of 2a by using copper
target (Cu-Kao radiation with wave length, o= 1.5492 A%) ata
scan speed of 29/min. XRD patterns are recorded from 3 to
900. Different phases of the samples in figs. 2 (a) & 2(b) are
identified by comparing a set of'd values and the
corresponding intensities with the standards from the ICDD
(International Center for Diffraction Data) files. XRD pattern
does not show very sharp and distinct peaks and exhibits
more or less amorphous nature [8-12]. The peaks at 26
values of 0.8491, 0.8403, 0.7679, 0.9931 and 0.9782
corroborate the presence of FesH474K44Naqo,
Cez2H124Ko5N1350157P4W3a, C162Cl20Ng0goPd4Siz W2y,
Lis333N32Ti1067 and CaCrOs. Their corresponding d-values
are 5.8231, 3.3583,4.6898,4.0057 and 3.6550 respectively.
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Fig. 2 (a) XRD pattern of Bromo Phenol Blue
untreated Sargassum muticum powder
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Fig. 2 (b) XRD pattern of Bromo Phenol Blue
untreated Sargassum muticum powder with matching
compounds
XRD patterns of untreated powder are shown in figs. 2 (c) &
(d). XRD patterns shown in figs. 2(c) & (d) do not indicate
sharp peaks, less crystallinity and exhibit little amorphous
nature. The peaks at 20 values of 0.840, 0.8314, 0.7973,
0.7523 and 0.7090 corroborate the presence of F3oSboSny,
BagSiSSm,, C3616N1253ZI’13, C60516 and AgFquz (ICDD files).
Their corresponding d-values are 1.1840, 2.3731, 2.2871,

2.3437 and 1.8213.

3.1.4 XRD for Bromo Phenol Blue dye treated with
Sargassum muticum powder

XRD patterns for treated powder [Figs. 2(c) & 2(d)] exhibit
good crystallinity, more amorphous nature and increase in
surface area and porosity. The peaks at 26 values of 25.597,
11.30, 20.374, 13.421, 12.02, 12.14, 10.029 and 10.963
corroborate the presence of Sn(HPO4)2H-0,
Cd3(P309)2(H20)10, Cos5(09.48Hg52)NO3, C14Hg02, C¢H15Cr0s,
Ci15H21C006 and Mg, (Al4Sis018). Their corresponding d-
values are 3.4800, 7.8300, 4.3553, 7.6600, 7.3630, 7.29, 8.82
and 8.07.
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Fig. 2 (c) XRD pattern of Bromo Phenol Blue
treated Sargassum muticum powder
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Fig. 2 (d) XRD pattern of Bromo Phenol Blue
treated Sargassum muticum powder with matching
compounds

3.1.5 Scanning Electron Microscope (SEM):

3.1.3.1 SEM analysis for untreated Sargassum muticum
powder

The SEM pictures of untreated sargassum muticum powder
shown in fig. 3 (a), demonstrates the surface morphology of
powder as porous and uneven. From the SEM images, it is
clear that the investigated sorbent is porous material due to
the presence of pores and cavities.

Fig. 3 (a) SEM pattern of Bromo Phenol Blue treated
Sargassum muticum powder

3.1.3.2 SEM analysis for Bromo Phenol Blue dye treated
with Sargassum muticum powder

SEM analysis after biosorption Fig. 3(b) show that the
surface has irregular texture with globular, elongated grains
and shiny particles over the surface of cobalt loaded
biosorbent which are absent in the fresh biosorbent. These
elongated grains show that the cobalt particles are adhered
onto the surface of algae. The clustered grains like
morphology, on treated biosorbent denote increased active
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surface area. The similar results were reported on lead with
plant biosorbent, areca catechu powder.

Fig. 3 (b) SEM pattern of Bromo Pheno Blue treated
Sargassum muticum powder

3.2 Equilibrium studies on biosorption of Bromo Phenol
Blue
3.2.1 Effect of agitation time:

The % biosorption of Bromo Phenol Blue is drawn against
agitation time in fig. 4. Itis found from the plots that the %
biosorption is gradually increased in the first 20 min of
agitation. Beyond the agitation time of 20 min, the %
biosorption is more or less constant. So the equilibrium
agitation time is 20 min. For a typical experiment with 50 mL
of aqueous solution adding 10 g/1 of 53 um size biosorbent,
the % biosorption is increased from 18 to 65% in the
agitation time period of 1 to 20 min. The rate of percentage
biosorption is higher in the initial stages because adequate
surface area of the biosorbent is available for the biosorption
of Bromo Phenol Blue. As time increases, more amount of
Bromo Phenol Blue is biosorbed onto the surface of the
biosorbent and surface area available decreases [13-16].
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Fig. 4. Effect of agitation time on % biosorption of BPB
dye
3.2.2 Effect of biosorbent size:

The variations in % biosorption of Bromo Phenol Blue with
biosorbent size are drawn in fig. 5. The percentage
biosorption is increased from 45 to 65 % as the biosorbent
size decreases from 152 to 53um. The surface area of the
biosorbent increases as the size of the particle decreases and
the number of active sites on the biosorbent are better
exposed to the biosorbate [17-21].

70 20

Biosorbent = Sargassum muticum powder
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- 16
- 14
$ 60 -| 3
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o riz g
& £
° 10 &
5]
2 % rgmoval %
g ‘730 min ~ 0.8 @
S 50 T=308K [
C, =20 mg/L 0.6
w=10g/L
pH=7 - 04
—02
40 T T T T T T r 0.0

0 25 50 75 100 125 150 175
particle size, dp, pum
Fig. 5. Effect of biosorbent size on % biosorption
3.2.3 Effect of pH in aqueous solution:

A plot is drawn in fig. 6 between % biosorption of Bromo
Phenol Blue and pH of aqueous solution. A significant
increase in percentage biosorption of Mn is observed as pH
is increased from 2 to 4 and downward trend of the %
biosorption is noted with an increase in pH above 4. For a
typical experiment with 50 mL of aqueous solution, adding a
biosorbent dosage of 10 g/L of 53 pum size, the extent of
biosorption is increased from 65 to 86 % in the pH range
from 2 to 4. The results indicate that the chemical
interactions may have been exchanged between the ions.
The carbony, hydroxyl, carbonyl and amide groups of the
biomass are mainly involved in the biosorption of Bromo
Phenol Blue. Further, presence of -SO3 stretching, S = 0 and
C-S-0 bands, from ester sulfonate groups are very rich due

to their ion-exchange involvement in biosorption. Similar
results were reported for biosorption [22-26] of different

heavy dyes on various algae species.
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Fig. 6 Effect of pH on % biosorption
3.2.4 Effect of initial concentration of Bromo Phenol

Blue:

The effect of initial concentration of Bromo Phenol Blue in
the aqueous solution on the percentage biosorption at
equilibrium agitation time is shown in fig. 7. The %
biosorption is gradually decreased from 86 to 50 % (10 to
1.72 mg/g) by increasing Bromo Phenol Blue Co from 20 to
200 mg/L. Lesser percentage of BPB is removed for higher
concentration of BPB in the aqueous solution [27-31]. This
behavior is due to the increase in the amount of biosorbate
to the unchanging number of available active sites on the

biosorbent.
90 - - 15
Biosorbent = Sargassum muticum powder
85 —®— o removal of BPB dye
O BPB dye uptake, mg/

80 ye up 9/9 L 12
o 75 o
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270 o S
2 N L "
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45 - o t=20 min
40 T T T T T T T T T T 0

0O 20 40 60 80 100 120 140 160 180 200 220

Initial concentration of aqueous BPB dye solution, mg/L

Fig. 7 Effect of initial concentration for the biosorption
3.2.5 Effect of biosorbent dosage:

Fig. 8 represents the variation in percentage biosorption of
Bromo Phenol Blue from the aqueous solution (pH = 4) with
biosorbent dosage. The % biosorption is increased from 85
to 94% as dosage is increased from 0.5 to 1.5 g/L. The %
biosorption from the aqueous phase increases with an
increase in the biosorbent amount [32-35]. This is so
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because the number of active sites available for dye uptake
would be more as the amount of the biosorbent is increased.
The increase in % biosorption is not appreciable (94 to 96.5
%) as wisincreased from 1.5 to 4 g/L. All other experiments
are conducted at w = 1.5 g/L.
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Fig. 8 Effect of biosorbent dosage on % biosorption
3.2.6 Effect of Temperature:

The effect of temperature on the equilibrium dye uptake was
significant. The effect of changes in the temperature on the
BPB dye uptake is shown in Fig. 9. Results indicate that the
adsorption capacity of Saragassum muticum for the BPB red
increased with temperature. This may be a result of increase
in the mobility of the large dye ion with temperature [36-
40]. An increasing number of molecules may also acquire
sufficient energy to undergo an interaction with active sites
at the surface. Furthermore, increasing temperature may
produce a swelling effect within the internal structure of the
saragassum muticum enabling large dyes to penetrate

further.
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dP=52um [ 057

~ 0.56

85 , , , , 0.55
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Fig. 9 Effect of temperature for the biosorption

3.2.7 Isotherms:
3.2.7.1 Langmuir Isotherm

Langmuir isotherm is the most widely used simple two-
parameter equation. This simple isotherm is based on
following assumptions:
e Adsorbate is chemically adsorbed at a fixed
number of well- defined sites
e Each site can hold only one adsorbate species
e All sites are energetically equivalent
e There are no interactions between the adsorbate
species
The Langmuir relationship is hyperbolic and the equation is:

qe/qm = KiCe / (1+K1Ce)

The above equation can be rearranged as

(Ce/qe) = 1/(Kigm) + Ce/qm

From the plots between (Ce/qc) and Ce, the slope {1/ (Ki.qm)}
and the intercept (1/qm) can be calculated. Further analysis
of Langmuir equation can be made on the basis of separation
factor [R. =1/ (1+K.Ce)].

Langmuir isotherm is drawn between Ce/qe and Ce in fig. 10
for the present data. The resulting equation is

(Ce/qe) = 0.0854 Ce + 1.5926

The (correlation coefficient of 0.9977) confirms strong
binding of Bromo Phenol Blue ions to the surface of
Sargassum muticum powder.

12

11 H Biosorbent = Sargassum muticum powder

C./q, g/l

T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120

C, mglL
Fig. 10 Langmuir isotherm for biosorption

3.2.7.2 Freundlich isotherm:

Freundlich presented an empirical adsorption isotherm

equation that can be applied in case of low and intermediate
concentration ranges. The Freundlich isotherm is given by
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ge = K¢ Cen where Kf, mg/g represents the adsorption
capacity at dye equilibrium concentration and n represents
the degree of dependence of adsorption.
Taking In on both sides, we get

In ge =In Ke+ nIn Ce

Freundlich isotherm, drawn between In Ce and In ge in fig.
11 has resulted in the following equation
In ge =0.4937 In Ce + 0.1431

The equation has a correlation coefficient of 0.9752. The n’
value of 0.600508 indicates favorable biosorption satisfying

the condition of O<n<1.
3.0

Biosorbent = Sargassum muticum powder

0.0 T T

Fig. 11 Freundlich isotherm for biosorption
3.2.7.3 TemKkin isotherm:

Temkin and Pyzhev isotherm equation describes the
behavior of many adsorption systems on heterogeneous
surface and is based on the equation:

qe=RT In(ATCe)/bT

The linear form of Temkin isotherm is

ge = (RT/ bT) In(AT) + (RT/bT) In(Ce)

Where AT=exp [b (0) xb (1) / RT]

Slope, b (1) =RT/ bT

Intercept, b (0) = (RT/ bT) In (AT)

Plot between ge and In Ce is shown in fig. 12. The equation
for Bromo Phenol Blue biosorption is

ge = 2.3597 In Ce - 0.9949

15

Biosorbent = Sargassum muticum powder

12 4

at. ma/g

pH=4

w=10g/L

A T=308K
t=20 min
dP =53 um

InCe

Fig. 12 Temkin isotherm for biosorption
The isotherm constants are compiled in table-5.2. Itis found
that biosorption data are well represented by Langmuir

isotherm (R2=0.9977), Temkin (R2=0.9936) and Freundlich
isotherms (R2=0.9752) [41-46].

Table - 2

Isotherm constants (linear method)

Langmuir Freundlich Temkin
isotherm isotherm isotherm
gm = 11.7096 Kf =1.153845 AT = 0.655982
mg/g mg/g L/mg
KL =0.053623 n = 0.600508 bT = 1085.185
R2 = 0.9977 R2 = 0.9752 R2 =0.9936

3.2.8 Kinetics

Lagergren plot and pseudo second order kinetics plot for
biosorption of Bromo Phenol Blue are drawn in figs. 13 & 14.
Table-3 summarizes the rate constant values for first and
second order rate equations [47-51]. It is noted that both
first and second order rate equationsexplain the biosorption
interactions satisfactorily.
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0.4

Biosorbent = Sargassum muticum powder

T=308K
C, =20 mg/L
w=10g/L
pH=7

d, =53 um

0.2

log(de-at)

-1.0 4

-1.2 T T T T
0 5 10 15 20 25

Agitation time, t, min
Fig.13 First order Kinetics for biosorption

20

Biosorbent = Sargassum muticum powder

16

d, =53 um
T=308K
C, =20 mg/L
w=10g/L

pH=7

0 5 10 15 20 25

Agitation time, t, min

Fig.14 Second order Kinetics for biosorption

Table - 3

Equations and rate constants

Order Equation Rate R?
constant
Lagergren log (ge-qt) = - 0.108333 0.9901
first order 0.04704 t - min
0.03177
Pseudo t/q:=0.7665t+ 0.211419g/ 0.97026
second order 2.77895 (mg-min)

3.2.9 Thermodynamics:

Van't Hoff’s plotis drawn in fig. 15. From the data, Gibbs free
energy change (AG) is calculated to be -15875 J/mol for
biosorption of Bromo Phenol Blue. The negative AG value
indicates thermodynamically feasible and spontaneous
nature of biosorption. The AH parameter is 17.92575
k] /mol.K. The negative AH indicates the exothermic nature
of biosorption. AS parameter is found to be 52.45206 ]/mol
K for Bromo Phenol Blue biosorption [52-55]. The positive
AS value suggests an increase in the randomness at the solid
/solution interface during biosorption.

-0.10

015 4 Biosorbent = Sargassum muticum powder

-0.20 4

0.25 7 d, =53 um

-0.30 pH =4

C, =20 mg/L

o 0357 w=30glL
ga/a -0.40 t=20 min
8 045

-0.50

-0.55 §

-0.60

-0.65 4

-0.70 T T T

3.0 3.2 3.4 3.6 3.8

1 Tx103 K

Fig.15 Vant Hoff’s plot for biosorption
3.2.10 Optimization Surface
Methodology (RSM):
3.2.10.1 Optimization using CCD
The parameters that have greater influence over the
response are to be identified so as to find the optimum
condition for the biosorption of Bromo Phenol Blue ions.
The quadratic model is used in the present study, to relate
four independent variables and percentage biosorption of
Bromo Phenol Blue. The regression equation for is %
biosorption of Bromo Phenol Blue (Y) is function of pH (X1),
Co (X3), w (X2) and T (X4)[223-246].
The variations in the corresponding coded values of four
parameters and response are presented in table-4

using Response

Table-4
Levels of different process variables in coded and un-
coded form for % biosorption of Bromo Phenol Blue
using Sargassum muticum powder
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Range and levels
2 |1 o |1 |2

Var Name

X1 pH 2 3 4 5 6
X2 Initial 10 15 20 25 30
conc

X3 Dosag 20 25 30 35 40
X4 Temp 283 293 303 313 323

The following equation represents multiple regression
analysis of the experimental data for the biosorption of
Bromo Phenol Blue:

Y=-1364.39 + 37.32 X; + 2.39 X2 + 4.23 X3 + 8.49 X, -
4.53 X12 - 0.06 X322 - 0.07 X32 - 0.01 X2 + 0.00 X1X, -
0.01 X1Xz - 0.00 X1X; + 0.00 X2X3 - 0.00 X2X4 + 0.00
X3X4

Table-5
Results from CCD for Bromo Phenol Blue biosorption
by Sargassum muticum powder

= % biosorption of Bromo
nl(l)n X111 x2 | x3| x4 Phenol Blue
Experimental | Predicted
1 3 15 25 293 85.98 86.01
2 3 15 25 313 87.50 87.48
3 3 15 35 293 88.08 88.07
4 3 15 35 313 89.58 89.56
5 3 25 25 293 84.08 84.09
6 3 25 25 313 85.52 85.50
7 3 25 35 293 86.52 86.50
8 3 25 35 313 87.90 87.93
9 5 15 25 293 86.40 86.38
10 5 15 25 313 87.78 87.79
11 5 15 35 293 88.18 88.19
12 5 15 35 313 89.62 89.61
13 5 25 25 293 84.48 84.49
14 5 25 25 313 85.80 85.82
15 5 25 35 293 86.62 86.64
16 5 25 35 313 88.02 87.99
17 2 20 30 303 77.86 77.85
18 6 20 30 303 78.32 78.30
19 4 10 30 303 91.58 91.58
20 4 30 30 303 88.08 88.05
21 4 20 20 303 87.36 87.34
22 4 20 40 303 91.58 91.57
23 4 20 30 283 89.28 89.25
24 4 20 30 323 92.08 92.08
25 4 20 30 303 96.22 96.22
26 4 20 30 303 96.22 96.22
27 4 20 30 303 96.22 96.22
28 4 20 30 303 96.22 96.22
29 4 20 30 303 96.22 96.22
30 4 20 30 303 96.22 96.22

Experimental conditions [Coded Values] and observed
response values of central composite design with 24factorial
runs, 6- central points and 8- axial points. Agitation time
fixed at 60 min and biosorbent size at 53 um

Table- 6 represents the results obtained in CCD. Response
obtained from regression in eq. in the form of ANOVA is
presented. From the Fisher’s F-test (Fmodel = 285.1025)
and a very low probability value (Pmodel > F=0.000000), it
is known from table-7 that the model is highly significant.
At 5% level, the computed F-value (F0.05 (14.15) =
MSmodel/MSerror = 285.1025) is greater than that of the
tabular F-value (F0.05 (14.15) tabulars = 2.42), indicating
that the treatment differences are significant

Table-6
ANOVA of Bromo Phenol Blue biosorption for entire
quadratic model

S

os;ce Mean

o SS Df square( F-value P>F
variatio

MS)

n
Model 120.701 14 8.6215 285.102 0.0000
Error 0.4536 15 0.03024

Total 121.155

df- degree of freedom; SS- sum of squares; F- factor F; P-
probability
R2=0.99999; R2 (adj):0.99998:

The larger the value of t and smaller the value of P, the more
significant is the corresponding coefficient term. The‘t’ and
‘P’ values are analyzed from table-6.8. Itis found that the X1,
X2,X3,X4,X12,X22,X32,X42 X1X2,X1X3,X2X3 and X2X4
have high significance to explain the

Table-7 Estimated regression coefficients for the
Bromo Phenol Blue biosorption onto Sargassum
muticum powder

. Standard
Regressio
error of
n t- P-
Terms . . the
coefficien . . value | value
t coefficie
nt
Mean -1364.39 4.151 -328.6 | 0.000
213.1
Dosage (L) 37.32 0.175 5 0.000
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Dosage (Q) -4.53 0.004 | -1076 | 0.000
Conc, (L) 2.39 0.035 | 68.25 | 0.000
Conc, (Q) -0.06 0.000 -379 | 0.000

pH (L) 423 0.035 | 119.1 | 0.000
pH (Q) -0.07 0.000 -401 | 0.000
Temp (L) 8.49 0.025 | 327.4 | 0.000

Temp (Q) -0.01 0.000 -329 | 0.000
1L by 2L 0.00 0.001 0.68 | 0.506
1Lby 3L -0.01 0.001 -11.5 | 0.000
1L by 4L -0.00 0.000 -3.40 [ 0.003
2L by 3L 0.00 0.000 | 15.64 | 0.000
2L by 4L -0.00 0.000 -3.40 | 0.003
3L by 4L 0.00 0.000 0.68 | 0.506

ajnsignificant (P 2 0.05)

individual and interaction effect of independent variables on
Bromo Phenol Blue biosorption. The other terms (X1X2,
X1X4, X2X3, X2X4 and X3X4) are insignificant and are not
required to explain biosorption. The modelis reduced to the
following form by removing insignificant terms.

Y=-1364.39 + 37.32 X1 + 2.39 X2 + 4.23 X3 + 8.49 X, -
4.53 X12 - 0.06 X22 - 0.07 X32
-0.01 X4%2 - 0.01 X1X3

A synergistic effect is indicated by positive sign of the
coefficient which means response increases with an increase
in effect, while an antagonistic effect is indicated by a
negative sign which means response decreases with an
increase in effect. In the observed response values, a
measure of the models variability is provided by the
correlation coefficient (R2). In the present study, the value of
the regression coefficient (R2 = 0.9999) for eq. indicates that
0.001 % of the total variations are not satisfactorily
explained by the model. It is proved from that table that
Fstatistics value for entire model is higher. This large value
means that % biosorption can be adequately explained by
the model equation. Generally P values lower than 0.05
indicates that the model is considered to be statistically
significant at 95% confidence level. The % biosorption
prediction from the model is shown in table-6.6. Itis implied
from table-6.8 that all the squared terms of all the variables
and the linear terms are significant (P < 0.05). Among the
interaction terms, all the terms (P < 0.05) are insignificant on
the biosorption capacity. Fig.5.16 shows normal probability
plot (NPP) of residual values. It could be seen that the
experimental points are reasonably aligned suggesting
normal distribution.

Pareto Chart of Standardized Effects; Variable: % Biosorption
4 factors, 1 Blocks, 30 Runs; MS Residual= 0004867
DY % Biosorption

Dosage, g/L{Q)
Concentration, mg/L(Q

Termperature, K
(3)Dosage, /L
{2)Concentration, mg/Ls

=B =B

() Termperature, K
{(1)pHL) ¢
2Lby3L B
1Lby3L
2Lbyal
1Lby4L
Albyal
1Lby2L

Effect Estimate {Absolute Value)

Fig. 16 Pareto Chart
5.6.2 Interaction effects of biosorption variables:

The three-dimensional view of response surface contour
plots [Fig. 18 (a) to (f)] show % biosorption as a function of
for various combinations of independent variables. The
plots are represented as a function of two factors at a time
keeping other factors fixed at zero level,.

Observed vs. Predicted Values

4 factors, 1 Blocks, 30 Runs; MS Residual= 0004867
DV: % Biosorption

100
98
96
94
92
90
88
86

Predicted Values

84
82
80
78

78

76 78 30 82 84 36 33 90 92 94 96 a8 100
Observed Values

Fig. 17 Normal probability plot for % biosorption of

Bromo Phenol Blue

It is found from the response surface plots that the %
biosorption is maximal at low and high levels of the input
variables. However, there exists a region where neither an
increasing nor a decreasing trend in % biosorption is
observed. The biosorption variables should be optimum to
maximize the % biosorption. The % biosorption of Bromo
Phenol Blue is strongly influenced by the pH as evident from
figs. 18 (a) & (b).
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The predicted optimal set of conditions for percentage
biosorption of Bromo Phenol Blue is

pH of aqueous solution =4.0094

Initial Bromo Phenol Blue dye conc = 18.6548 mg/L
Biosorbent dosage = 31.5332 g/L
Temperature = 305.5716 K

% biosorption of Bromo Phenol Blue = 96.5926

=S
o
® 2 =

WoRAIOTOE Y
-3
(=1

The optimal set of conditions obtained with CCD are shown
in table-8 along with experimental values.

Fig. 18 (c) Surface contour plot for the effects of pH and
Temperature on % biosorption of Bromo Phenol Blue

o 0sNg Ya

WONAI0ENG Yo

Fig. 18 (a) Surface contour plot for the effects of pH and
initial Bromo Phenol Blue concentration on % biosorption

Fig. 18 (d) Surface contour plot for the effects of initial
concentration and dosage on % biosorption of Bromo
Phenol Blue

wont oS .

w0eAI0Ema Ys

Fig. 18 (b) Surface contour plot for the effects of dosage
and pH on % biosorption of Bromo Phenol Blue

Fig. 18 (e) Surface contour plot for the effects of initial
concentration and Temperature on % biosorption of
Bromo Phenol Blue
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Fig. 18 (f) Surface contour plot for the effects of dosage
and Temperature on % biosorption of Bromo Phenol Blue

acid activated low
cost carbon

Hema M et al [63] 9.5693

Jung-Hyun Kim et al
[64]

67

Polymer Particles

native biomass ofa
M. Santoshkumar et .
u new isolate of 5.88

Table - 8
Comparison between optimum values from CCD and
experimentation
Variable | CCDh Exp value
pH of aqueous solution 4.0094 4
Initial BPB dye 18.6548 20
concentration, mg/L
Biosorption dosage, w, 31.5332 30
g/L
Temperature, K 305.5716 303
o T .
% biosorption 96.5926 95.0
Table - 9
Dyes uptake capacities for different biosorbents
Authors Biosorbent qy, mg/g
A.Bennani Karim et Moroccan clay 50.25
al [56]
Barka Noureddine crystalline 2439
etal [57] Hydroxy apatite
Dong Yanan et al Activated Carbon 133
[58]
Fatih Deniz et al Paulownia 0.57
[59] tomentosa Steud.
leaf powder
George Z.Kyzasetal carbon prepared 690
[60] from rice husk
Gonul Akkaya et al Dicranella varia 2000
[61]
Gurusamy Strongly Chelating 40

Annadurai [62]

Polymer chitosan

al [65] Penicillium sp

Present Sargassum 11.7096

investigation muticum powder
CONCLUSIONS

The equilibrium agitation time for BPB dye biosorption is 20
minutes. Percentage biosorption of BPB dye from the
aqueous solution increases significantly with increase in pH
from 2 (65 %) to 4 (86 %). The optimum dosage for
biosorption is 30 g/L (0.6266 mg/g). The maximum uptake
capacity of 11.7096 mg/g is obtained at 303 K. The
maximum biosorption of BPB dye (96.5926 %) onto
Sargassum Muticum powder is observed when the
processing parameters are set as: pH = 4.0094, w = 31.5332
g/L, Co=18.6548 mg/L and T = 305.5716 K using CCD. The
thermodynamic data show that % biosorption of BPB dye is
increased with increase in temperature. The investigation
also reveals the endothermic nature of biosorption as AH is
positive (17.92575), irreversible nature of biosorption as AS
is positive (52.45206) and spontaneity of biosorption as
indicated by negative AG (AG = -15875 J/mole). With the
above conclusions the authors confirm that sargassum
muticum is capable of removing BPB dye.
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