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Dicolouration of Congo Red Dye by
Activated Carbon in Aqueous Medium
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Congo red an azoique dye could be fixed on activated carbon.
Batch experiments conducted in agueous medium, at room
temperature (20 + 2°C) and pH 6.55, have showed alow affinity of
this compound towards this adsorbent mainly at elevated concen-
trations (100 ppm and more). This fact might be attributed to its
azoique structure. However, at relatively feeble concentrations, we
noticed a better fixation since ca. 70 % of the substrate was
retained over activated carbon (1 g/L) for a reaction time of 80
min. Change ininitial concentration of dye hasled to variation in
theretention capacity. Theinfluence of salt such as, NaCl, Na,SO,
and NaHCQO;, at various concentrations have showed no signifi-
cant effect on rate and capacity of adsorption. The experimental
results indicated that temperature affect rate and retention capac-
ity. Adsorption isotherms have been correctly represented by
Langmuir and Freundlich. The kinetics of adsorption was found
to obey to the Lagergrein model, demonstrating that there is a
mass transfer at the interface liquid/solid which is however slow
since the apparent rate constant was equal about to 40 min'™,

Key Words: Decolouration, Congored, Activated carbon, Dyes,
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INTRODUCTION

The release of coloured wastewaters in receiving natural watersis a
crucial problem since it conducts to a severe threat to aguatic and human
life*?. Therefore it isimportant to remove colour before their dischargein
environment. To reach this objective different chemical and physical treat-
ments have been utilized®'°. Among these techniques, the elimination by
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activated carbon can be considered as the most used one since this adsor-
bent presents a high retention capacity due to its structure (surface and
microporous structure)****. However, it should be mentioned that some of
these techniques cannot be efficient, particularly in the case of pollutant
having no affinity towards the support (adsorbent or exchanger).

The aim of this work was to study the adsorption of Congo red on
activated carbon. Capacity of retention will be determined and will alow
us to estimate the degree of affinity of this dye towards active carbon. The
influences of initial concentrations of the substrate, temperature and salts
have been investigated in order to see the impact on the capacity and rate
of adsorption. Kinetic models like those of Langmuir and Freundlich will
be studied in order to obtain, mainly, the maximal capacity via the adsorp-
tion isotherm experiments whereas that of Lagergrein will permit to
estimate the degree of this mass transfer processvia its rate constant at the
interface solid/liquid.

EXPERIMENTAL

Material and compounds: Activated carbon was ground to powder
prior to use. The resulting material, analyzed by granulometry technique,
has a particle size ranging from 0.08 to 0.1 mm and a surface area around
700-1500 m%g. All Congo red solutions were prepared by dilution with
distilled water from a stock solution of known concentration of this dye.
All reagents used in thiswork were analytical grade purity.

Kinetic experiments. Experimentswere conducted in batch technique
using dye solutions at different concentrations. Thus, 100 mL of samples
were put in contact with the adsorbent (0.1 g/100 mL), at constant
temperature through circulating thermostated water at 20 + 2°C and stirred
at 300 rpm. Solutions were filtered through a 0.22 pm membrane filter
prior to any spectrophotometer measurement.

Analysisprocedure: The UV-Visabsorption spectrawas recorded on
double beam spectrophotometer “Unicam Helios a”. Kinetics studies and
adsorption isotherm, were monitored by measuring the absorption of al
residuals concentrations.

Isotherm adsorption: Experiments were carried out by via same
experimental procedure outlined above. 100 mL of the dye at various
concentrations were put in contact with activated carbon (0.1 g/100 mL)
during atime corresponding to saturation or equilibrium state (i.e. contact-
ing time) at constant temperature and a permanent stirring. After that, all
solutions were filtered and then analyzed by spectrophotometer at the
appropriate wavelength (498 nm).
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RESULTSAND DISCUSSION

Structureand UV-Visspectrum of Congored: Theabsorption spec-
trum of the Congo red (5 x 10° M and pH = 6.55) in agueous medium,
exhibitsthree bandswhere the most intenseislocated at 498 nm (g = 21200
L mol™* cm™). It should be mentioned the pH affects the UV-visible spec-
trum mainly in acidic medium (pH = 2.5) where one observes a shift of the
most intense band to higher wavelength: 565 nm (€ = 10400 L mol™*cm™)
(Fig. 2).

By some other means, this change of colour (the compound becoming
blue violet in acidic medium) could indicate the formation of protonated
species thanks to the basic groups NH, according the following equation:

R---NH, R—NH;"
Thus, because of these variations of absorbance with pH, all experi-

ments have been carried out at the pH 6.55 of the dye, since we noticed no
change in its spectrum and therefore in its structure.

COEASASEN C®

Fig. 1. Structure of the Congo red
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Fig. 2. Structure and UV-Vis spectrum of Congo red in
at pH = 6.55 and acidic medium (pH = 2.5)

Contacting time (T): The determination of this parameter has
consisted by putting in contact 50 ppm of dyewith activated carbon (1 g/L)
according the experimental procedure outlined above. It has been observed
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that equilibrium state has been reached around 80 min with a maximum
adsorption capacity of 40 mg/g of the solid support (Fig. 3). Thisvalue has
been derived by means of the following equation:
Q=S"Cy
m
where, Q: Quantity of dye adsorbed at instant time per mass of support

(mg/g), Co: Initial concentration of dye (ppm), Ct: Concentration of dye at
instant time (ppm), m: Mass of solid support (g), V: Volume of the sample

(L)
50

40

Q (mg/g)

20+

10 4

0 — 71 T T 1 T T T T T T T T T 1
0 25 50 75 100 125 150 175 200

Times (minutes)

Fig. 3. Kinetic adsorption of Congo red on active carbon: [CR], = 50 mg/L;
r=1g/L;t=20% 2°C; pH =6.55and 0.08 < d < 0.1 mm

However this time could be taken as an equilibrium state since the
retention capacity increased only by about 4 mg/g, which is an insignifi-
cant amount for an extended time of 3 h. One can deduce that Congo red
has not a good affinity toward activated carbon.

By looking at the retention curve, one can observe two steps. The first
one corresponding to a very short time (10 min) showing a good elimina-
tion of present substrate with respect to the solid support and the second
corresponding to along time, isindicating a slow elimination of the dye
and the equilibrium state. On the basis of these results, one can confirm
that Congo red has a relative weak affinity toward activated carbon. This
important result will allow setting up the adsorption isotherm; r: being the
concentration of the adsorbent and d: the diameter of adsorbent particles
of activated carbon. The obtained results indicate a moderate affinity of
this dye for activated carbon.
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Influence of initial concentration on retention capacity: Fig. 4
showed that retention capacity increased as the initial concentration
increased in present experimental conditions. This might be credited to the
important available sites of the solid support which are still available for
adsorption. It is noticed that rate of retention has been very fast at the
beginning during thefirst 10 min and became sluggish after thistime. This
fact could be attributed to a difficult diffusion of the molecules of the
substrate into the solid support. The contacting time has been around 80
min except for the weakest concentration Therefore the contacting time
might decrease as the concentration of the dye decreases. These kind of
results have been found with methylene blue®.
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Fig. 4. Kinetic adsorption of Congo red on active carbon at various concentration
of thedye:r=1g/L;t=20+ 2°C; pH = 6.55and 0.08< d < 0.1 mm

Influence of temperature on retention capacity: Fig. 5 represents
the influence of the temperature in the process of the dye adsorption. The
obtained results proved that this parameter can affect positively this pro-
cess since we observed an important improvement of the capacity and rate
of retention as the temperature augmented. Thisfeature could be dueto the
high contribution of thermique energy allowing surpassing all repulsive
forces which are located at the interface solid/liquid but to a certain limit
where we noticed adecrease of this contribution. This meansthat retention
could be endothermic (AH > 0) thus leading to a chemisorption. Same
behaviour of this parameter has been reported in the literature™.
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Fig. 5. Influence of temperature on retention process of Congo red on activated
carbonr=1g/L;t=20+ 2°C; pH =6.55and 0.08<d < 0.1 mm

Influence of saltson retention capacity: It isknown that natural and
polluted water contain inorganic ions at variable concentrations. Thusitis
necessary to study their impact on rate and capacity of adsorption. For this
reason experiments have been conducted in presence of saltssuch asNaCl,

However prior to this study experiences have been carried out in
absence of activated carbon for mixture constituted for example by NaCl
(10" M) and Congo red (50 ppm) in order to reveal if any reaction could
occur between these two components. Thus one might allow situating the
proper efficiency of the activated carbon in the retention process of this
dye.

The results represented in Fig. 6 showed a decrease by 20 % of the
absorption, mainly, in the principal band located at 498 nm indicating thus,
an interaction between both compounds. Similar behaviour has been
observed for the two others salts. Same results have been obtained with
methylene blue®™.

Thus experiments conducted in presence of these salts for various
concentrations (10" M) showed on the whole a negligible effect on rate
and capacity of adsorption mainly at 102 M and 10° M signifying there-
fore, that no competition can occur for sites between molecules of dye and
salts. Moreover, for these latter, ionic charge (Na.SO,) did not affect the
retention capacity (Fig. 7).
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Fig. 7. Influence of salts on adsorption of Congo red on activated carbon
(a) NaCl, (b) N&:SO, and (c) NaHCO;. Conditionsr =1 g/l;
T=20+2°C; pH=6.55[CR],=50mg/L and 0.08<d < 0.1 mm

Adsorption isotherm: The adsorption isotherms play an important
role in the determination of the maximal capacity and rate of retention at a
given equilibrium state and also in the identification of the type of adsorp-
tion which has to take place. Further, they are based on the contacting
time. The resulting isotherm found experimentally, is on one part an
L -shape according to the classification of Giles et al.”” indicating a moder-
ate competition between the solvent and the solute and on the other part a
monolayer type of adsorption (Fig. 8).
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Fig. 8. Adsorption isotherm of Congo red at 20 + 2°C
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The two most current kinetic models which describe the process of
adsorption were those of Langmuir (represented by the following

o AC o111
eguation: <e 1+ C, withitslinearized form whichis, Q. a abCe)

and Freundlich (represented by the following equation: Q=K ch " with
its linearized form which is, log Q. = log K¢ + 1/n log Ce). The resultsin
presented Fig. 9 proved that retention of Congo red onto activated carbon
iswell represented by the two linearized forms of both models. All kinet-
ics constants are reported in Table-1.
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Fig. 9. Linear representation of the adsorption isotherm using: () the model of
Langmuir (1/Qe vs. 1/C.) and (b) the model of Freundlich (In Qe vs.
InCe).t=20+ 2°C, pH = 6.55and 0.08 < d < 0.1 mm
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TABLE-1
VALUES OF THE ADSORPTION PARAMETERS &, b, nand K¢
OF CONGO RED ON ACTIVATED CARBON

a b Ke
Models (mg/g) (L/mg) (mg/g)
Langmuir Q, = abCe ;i:1+ ! 401 431 - 09914
1+C., Q. a abC,
Freundlich Q = K .CY/": _ — 234 09859

log Q.= log K¢ +1/nlog C,

R: correlation coefficient; n = 8.60: heterogeneous coefficient, a= 1st
constant of Langmuir, b = 2nd constant of Langmuir K = Adsorption
constant of Freundlich.

Kineticsof adsorption: Thestudy of the kinetic adsorption of Congo
red on activated carbon is linked to its mass transfer at the liquid/solid
interface, a region characterized by all resistances to this transfer. This
feature could be attributed to a film established near the sites of the solid
support surface. In general, the kinetic law used to describe this process
was that of Lagergrein :

9_ .-
& = Ka(Qe-QJ)

where, ku: Kinetic constant of masstransfer; Q.. Quantity of dye adsorbed
at equilibrium; Q.. Quantity of dye adsorbed at timet.

The integration of the above equation led to the following relation:

In (Qe—Q) = —Kait +In (Q.)

According to our experimental results, it appears that mass transfer
from the liquid phase to the solid phase is described by the first-order
kinetic law with respect to the various initial concentrations of the dye
(Fig. 10).
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Fig. 10. Kinetics of Congo red adsorption on activated carbon NaHCO;3
Conditionsr=1g/L; T =20 = 2°C; pH = 6.55; [CR], = 50 mg/L and
0.08<d<0.1 mm
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The kinetic constant ky has not varied markedly with the phenol con-
centrations taken in the following range: 40-80 ppm.The average val ue Ky
has been equal to 0.0247 min™. All results are reported in Table-2. By
taking into account the constant time T defined by 1/k« in this case™, it is
concluded that the mass transfer at the interface has been slow since this
constant time T has been of 40-50 min. This could confirm too, that Congo
red, has a low affinity toward activated carbon, compared to methylene
blue®™.

TABLE-2
VALUES OF KINETICS CONSTANTS OF ADSORPTION (K.
OF CONGO RED ON ACTIVATED CARBON

Dye Concentration (ppm) K (Min?)
40 0.034, R* =0.98339
50 0.026, R* =0.99112
60 0.021, R* =0.99316
80 0.018, R* =0.97687

R* = correlation factor.

Conclusion

Congo red an anionic dye of direct class has been retained on activated
carbon throughout experiments conducted in batch methods and with a
moderate affinity toward this support. It has been observed that the adsorp-
tion of the substrate became more and more difficult as its concentration
increased. One noticed also that the presented of salts did not affect
seriously capacity and rate of adsorption, meaning therefore no competi-
tion between substrates and ions for sites of the support. By contrast, the
temperature has affected both parameters and showing that this adsorption
could be a chemisorption. On the other part, kinetic studies have revealed
that the two used models those of Langmuir and Freundlich have
represented well the process of retention. Further, the experimental results
have al so showed asatisfactory linearity for the kinetic model of Lagergrein
which describes the process of mass transfer of the dye at the liquid/solid
interface. Moreover, thisway of decontamination isnot sufficient, because
it is a pollution transfer of one phase to another. Therefore, to finish
complete destruction of the pollutant, one needs additional cost effective
treatment, like burning or landfilling.
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