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Removal of Congo red Dye from Aqueous solution using Acid Activated Eco-
Friendly Low Cost Carbon prepared from marine algae Valoria bryopsis
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ABSTRACT

Activated carbon (AC) prepared from marine algae was found to be a potential adsorbent for
Congo red dye for removal from aqueous solution. The AC was prepared from marine algae
Valoria bryopsis by treatment with conc. H,SO,. The surface area of the AC and its properties
were studied by scanning electron microscopy (SEM). Adsorptive removal of Congo red
from aqueous solution onto AC has been studied under varying conditions of agitation
time, metal ion concentration, adsorbent dose and pH to assess the kinetic and
equilibrium parameters. Adsorption equilibrium was found to be reached in 180 min for 5 to
25 mg/L of Congo red concentrations. The Langmuir and Freundlich isotherm models were
found to provide an excellent fitting of the adsorption data. For the Freundlich isotherm,
high r? values were obtained (0.8460 to 0.6992) for Congo red concentration of 10 to
60mg/L, which indicated favorable adsorption of Congo red onto marine algae carbon. The
adsorption capacity of Congo red was found to be 97.77%. The percent removal increased
with increase in pH from 1 to 5. This adsorbent was found to be effective and economically
attractive.

Keywords: Activated carbon, Valoria bryopsis, Adsorption,nQo red.

INTRODUCTION

The potable water used by every human being fimkihg and cooking should be
uncontaminated and pure. Thanks to the over-pdipnl India is suffering from persistent
demand for safe drinking water. Industries manufd@cg dye and dye intermediates are the
largest sector of chemical industries in India,csirdyes are used in a variety of industries
producing textiles, paints, pulp and paper. Mo@ntB0% of their production is utilized by the
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textile industries. A huge amount of waterniscessary by these industries for the clganin
and washing purposes and they discharge highlyuoetbeffluents containing different dyes.
The presence of dyes and colour upsets thldiial processes. Dyes are also carcinogenic
and pose a major health hazard. @~ Many investigatbave studied the feasibility of
inexpensive alternative materials like pearlebilhusk, date pits, saw dust, buffing doét
leather industry, coir pith, crude oil residumpical grass, olive stone and almond shells, pine
bark, wool waste, coconut shell etc., as caabeaus precursors for the removal of dyes
from water and wastewater. The present studyumdsrtaken to evaluate the efficiency of an
acid activated carbon adsorbent prepared fromineagae for removal of congo red dye
from aqueous solution. In order to design ogaon treatment systems, knowledge of
kinetic and mass transfer processes is esseftial applicability of these processes was
studied.

The dried marine algae valoria bryopsis were tebatevith concentrated sulphuric acid in the

weight ratio of 1:1 (w/v) for eight hours and thesulting material was washed with double

distilled water until a constant pH of the slurraswreached. The resulting black product was
kept in muffle furnace maintained at 420G for 8 hrs. It was then ground and the portion
retained between 0 and 60 nm sieves was usedtimeadixperiments.

EXPERIMENTAL SECTION

Adsorption Experiments

Batch equilibration method

The adsorption experiments were carried out batch process at 30, 40, 50 and 60 °C
temperatures. A known weight of adsorbent matewas added to 50 mL of the dye
solutions with an initial concentration of TSfh to 25 mg/L. The contents were shaken
thoroughly using a mechanical shaker rotatindn\ait speed of 120 rpm for three hours The
solution was then filtered at preset time intervaled the residual dye concentration was
measured.

Table. 1. Effect of adsorbent dosage on removal of CR dye

S. Adsorbent dosage CR % of
No (mg) adsorption
1. 50 81.48
2. 100 85.19
3. 150 97.77
4. 200 100.0
5. 250 100.0

Effect of variable parameters:

Dosage of adsor bent

The adsorption capacities for different doskthe adsorbent (namely 50,100,150,200 and
250mg) were determined at definite time intervalsthe concentration range 50— 250 mg/L by
keeping all other factors constant. The resultssai@vn in Tablel and Figurel. It is apparent
that the percentage removal of dye increases sapith increase in adsorbent dose, probably
due to the greater availability of the exchangealis or the increased surface area.
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Figure.l. Effect of adsorbent dosage on removal of CR dye

110 +

100 -
o0 | ’//—0—0
80 -

70 A
60 -
50 -
40 -
30 -
20 A
10 +
o T T 1
0 100 200 300

Weight in mg

% Adsorption

Initial concentration of dye
Experiments were conducted with different initizdncentrations of dyes ranging from 5 to

25 mg/L. All other factors were kept constan

Contact time

The effect of contact time on the removal of the in a single cycle was determined by
keeping particle size, initial concentration, ags, temperature, pH and concentration of other
ions constant.For varying initial dye concentrations ranging fr&ro 25 mg/L. As much as
97.77% of the dye was found to be removed witlke@tact time of 3 hours.

Figure.2.Effect of pH on removal of Congo red using Valoria bryopsis
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pH

Adsorption experiments were carried out at pH3l4,5,6,and 7. The acidic and alkaline
pH of the media was maintained by adding tequired amounts of dilute hydrochloric
acid and sodium hydroxide solutions. The pararadiike particle size of the adsorbents, dye
concentration, dosage of the adsorbent, temperangeconcentration of other ions were kept
constant while carrying out the experiments. pHeof the samples were maintained using a
portable pH meter, Systronics make. The pH mets wvalibrated with 4.0 and 9.2 buffers. .
Figure 2 shows the effect of pH on dye removalcedficies of Valoria bryopsis. It can be
observed that the removal of dye by Valoria bryspgs maximum at pH 5.

Temperature

The adsorption experiments were performed at @ifferent temperatures namely, 30, 40, 50
and 60°C in a thermostat attached with akeh Hasthas make. The constancy of the
temperature was maintained with an accuracy o60.

Desor ption studies

Desorption studies help to elucidate the meataf adsorption and recycling of the spent
adsorbent and the dye. The effect of various m#agesed for desorption were studied. The
results with water, acetic acid , 0.1M Hydrochtolacid are presented in the Table-2.
Desorption increases with increase in the wgciol the desorbing medium. Itis higher in
hydrochloric acid than in acetic acid. This ulkkbbe due to the increased solubility of
congo red in acidic medium.

Table.2.Desportion of Valoriabryopss

Adsorbate % Desorption
Valoria bryopsis H20 | ACOH| HCI
YOPSIST30.72 | 65.78| 82.42

Table.3. First order parametersfor the adsor ption of Congo red using Valoria bryopsis at 30°C

Equilibrium uptake mg/ r2
Adsorbate Mgl a P 99 K
Qe () G (exp)
10 3.3333 2.4424 0.02108 0.9847
Valoria bryopsis| 20 6.6666 8.9184 0.02799 0.9828
30 9.9999 9.9991 0.01594 0.9094

Table.4. Pseudo second order parametersfor the adsor ption of Congo red using Valoria bryopsis at 30°C

Adsorbate Mg/ Equmbnur: uptake mg/d K, ;2
€
Valoria brvopsis 10 3.4674 0.01550 0.9670
yop 20 4.5335 0.089771 0.9302
30 10.5203 0.01773 0.5256

Adsorption Kinetics
Kinetics of the adsorption process was studied lBasuring the percentage adsorption at
different time intervals namely 10,20,30,40,50 &@min and the data fed into four kinetic
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models — first order, pseudo — second order, Efloaitd the intraparticle diffusion( Tables 3,4,5
& 6). The values of rate constants and adsorptagacities were measured.

Table.5. Elovic parametersfor the adsor ption of Congo red using Valoria bryopsis at 30°C

Adsorbate Mg/ A o Be Be 2
10 | 0.6699| 1.1258| 1.6804 0.5667
20 | 0.1169| 0.04164 0.3558 0.9671
30 | 0.4544| 0.2174| 0.4785 0.7406

Valoria bryopsis

Table.6. Intraparticle diffusion for the adsor ption of Congo red using Valoria bryopsis at 30°C

Adsorbate Mg/ A ki 2
10 | 0.4086| 2.7346 0.974B
20 | 1.0859| 1.59071 0.928p
30 | 1.7099| 2.5374 0.849p

Valoria bryopsis

Table.7. Isotherm parametersfor the adsor ption of Congo red using Valoria bryopsis at 30°C
Langmuir plot

Adsorbate Model Model parameters ,
KL by % r

Langmuir plot- 1 | 20.2015 3.5454 5.697%7 0.9956
Langmuir plot- 1l | 10.0994] 1.0847 9.3135 0.9152

Valoria bryopsis

Freundlich plot

Adsorbate Model Model parameters
K,: 1/n n F

Freundlich plot -I| 4.9430 | 0.5224 1.9142 0.848
Freundlich plot -Il| 11.0773| 0.8007 1.2488 0.699

o

Valoria bryopsis

N

DKR plot

Model parameters
& B % r
DKR plot-I | 9.5113| 0.04916 5.0470 0.943
DKR plot-Il | 9.2830| 0.01454 2.3858 0.999

Adsorbate Model

2

]

Valoria bryopsis

N

Adsor ption | sotherms::

The results of adsorption experiments from Table were fed into three different isotherm
equations- Freundlich, Langmuir and Dubinin-KagaRadushkevich. Various parameters
involved were calculated.
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Thermodynamic Parameters:

Van't Hoff equation in the following form, wasised to calculate the thermodynamic
parameters such as Gibb’s free energy chang&)(enthalpy changeAH) and entropy
change AS) were listed in Table. 8 :

Table.8. Thermodynamic parameters for the adsor ption of Congo red using Valoria bryopsis

Adsorbate - AG KJ / mol
Mg/l 30°%C 2Gc 50c 60c AH KJ / mol | AS J/mol
Valoria bryopsis 25 | 6.7786| 8.06964 9.037]7 11.20%9 30.1877 67.9890
50 | 4.7217| 6.8044 7.396f 10.2660 47.2116 170.2838
100 | 4.4523| 5.6028 6.9021 8.8586 36.8785 135.7409
AS AH
oo = (5w - (e
2303 R 2303 RT

Where Kk is the equilibrium constant for the adsorpfwacess, T is absolute Temperature
and R, the gas constant, Vant Hoff plot wenestmcted for each system atd andAS
were calculated from the slope and intercepthefplots respectively .

XRD Study:

Xray Diffraction Studies of the carbon preparediirthe marine algae were carried out using
Rigaku corporation, Japan X-ray DiffractometeK¥0/ 30mA, Model D/Max ULTIMA 1II .
before and after adsonpdice shown in fig .3 It is evident from the
figure that there is no appreciable change in fhectsa. This may be due to the fact that
adsorption did not alter the chemical nature ofgshdace of the adsorbent i.e. the adsorption is

The XRD pictures taken

physical in nature.

Figure3. XRD Pattern of Valoria bryopsis before and after adsor ption of congored dye
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IR Study:

Fourier transform infrared spectroscopy (FTIR) wiaed to determine the functional groups on
the carbon surface. The spectra were measurednwite range of 400 -4000 cm-1 in a
Shimadzu spectrophotometer. Some fundamental FFE§uéncies of the adsorbehégfore and
after adsorptionare presented in table 10 As can be inferred fFogure 4 the absorption
frequencies are shifted to higher wave numbers thighadsorption of congo red. From these
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findings it is presumed that the dye was incorpamtainto the adsorbent through interaction
with the active functional groups.

Figure4. FTIR Spectrum of Valoriya bryopsisbefore and after congored dye adsor ption
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SEM analysis:

The surface morphology of the activated carbwas examined using scanning electron
microscopy (SEM), the corresponding SEM microggeing obtained using at an

accelerating voltage of 15 kV (Hitachi SE 900) 806x magnification (Figure 5). At such

magnification, the activated carbon particlé®veed rough areas of surface on which micro
pores were clearly identifiable.

Figure5. SEM micrograph of Valoria bryopsisbefore and after congored dye adsor ption

S$-3400N 15.0kV 7.7mm x5.00k SE 1/11/2011

CONCLUSION

The experimental data correlated reasonablif wigh the Langmuir, Freundlich and DKR
adsorption isotherms. Adsorption of the dye isfagbured at around neutrai. The amount of
congo red dye adsorbed decreased with incredsinig strength and increased with increase
in temperature. The values aH°, AS° andAG° show that the carbon employed has a
considerable potential as an adsorbent for the vahwad congo red dye.
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