Journal of the Korean Chemical Society
2010, Vol. 54, No. 1

Printed in the Republic of Korea

DOI 10.5012/jkes.2010.54.01.110

ZEo chat 27 &7 &= RB52 GB42| Z2Y EF

A. Elaziouti"*, Z. Derriche, Z. Bouberka, and N. Laouedj"*
tLaboratoire de chimie-physique des matériaux. Catalyse et environnement (LCPCE)Faculty of sciences,
Department of industrial Chemistry, University of the Science and the technology of Oran (USTO M.B).
BP 1505 EI M’naouar 31000 Oran, Algeria
*DR. Moulay Tahar University, Saida, Algeria
(d4=2009. 8. 12; =% 2009. 12. 13; Al#NEA 2010. 1. 28)

Competitive Adsorption of Two Basic Dyes RB5 and GB4 on a Local Clay

A. Elaziouti"*, Z. Derriche, Z. Bouberka, and N. Laoued;*
tLaboratoire de chimie-physique des matériaux. Catalyse et environnement (LCPCE)Faculty of sciences,
Department of industrial Chemistry, University of the Science and the technology of Oran (USTO M.B).
BP 1505 El M’naouar 31000 Oran, Algeria. “E-mail: abdelkader923@yahoo.fr
*DR. Moulay Tahar University, Saida, Algeria
(Received August 12, 2009; Revised December 13, 2009; Accepted January 28, 2010)

o, dAlE] ol M FEF = 2235 Maghnia 3 o] ok 27 1714 9 .81 RB5¢} BG40 &2 3 -& A1 A=, 2o
252 717] 465.13 2} 469.90 mg/g 22 vFefykth ADMI B -2 AF-8-3F BRS and BG42] Exl 54

ZH]R (R=C @rsy/Cios) 2.5/1, 1/1, 1/2.5 & A-&3} 59t} 4 EEGL%ETE% S5 3 o RS 2alsle] A A FHeA S o
S oloh A E 9 ¢ 52 &4 #12] 2 918 BRS and BG4 7} v $- 73 A 54 8-R = 1/1)0] 3 ‘LEJ %Ath. RB5 9} BG 49 &%
2] ¥] & R’ (R’= Qe fmixturey Qe singloy)+= 7] &% B] & R (R= Crs/Cerca) ©1 2.5/1, 1/1 and 1/2.5 &1 735l t 3l Z+7] 0.86, 0.74
and 0.84 2 3o F v}, Langmuir ¢} Freundlich 20| Z}7] s g it oz} 985 g2 A AFo A B T3S L 5

o
I
5
H
5
A~

AR
FHO: AE-wg g ' FA -SSR 52 BR5and BG4 A =, 3 A

ABSTRACT. The equilibrium of adsorption of basics dyes RB 5 and BG 4 from a single dyes in the mixtures on the sodium-exchanged
clay of the Maghnia (Algeria) was studied. The maximum adsorption capacities of BRS and BG4 in single dyes were 465.13 and 469.90
mg/g respectively. In the simultaneous adsorption of BR5 and BG4 from mixture solutions, three different initials concentrations ratios
R (R=CrsyCsa4)) were tested: 2.5/1, 1/1 and 1/2.5 using ADMI method. The isotherms adsorptions of dyes from the mixtures are
characteristics of competition phenomenon. A very strong interaction between BRS5 and BG4 for the active sites of adsorption of surface
of clay is obtained for R = 1/1. The ratio R’ (R’= Qe (mixture)/Qe (singic)) Of the adsorption capacity of BRS and BG4 in the mixture were
reduced by factor of 0.86, 0.74 and 0.84 for the initials concentrations ratios R (R= C(grs)/Csa4)) of 2.5/1, 1/1 and 1/2.5 respectively.
The variation of the ratio of the adsorption capacity R’ of BR5 and BG4 in the mixture solutions with initial concentration ratios R
indicates that BR5 dye is slightly favourable in the competition adsorption than BG4. Langmuir and Freundlich models fit very well with
adsorption behaviour of single dyes as well as the dyes in mixture solutions.
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INTRODUCTION solutions containing dye (the oxydo-reduction and the exchang-

ing resins of ions,” coagulation/ flocculation,” membrane separa-

The conscience of the potential impact of the colored efflu- tion,” adsorption,5 the biological methods,’ and more recently
ents and more particularly the azo and triphenylmethanes dyes the advanced processes of oxidation,” do not allow obtaining
do not cease growing. Indeed, it is estimated that 10% of the threshold of pollution lower or equal to the maximum permi-
annual production in dyes (approximately 7. 10° tons) are eva- ssible concentration (MPC) imposed by the environmental
cuated during the various stages of application and clothes recommendations. The adsorption appeared a very effective

industry.' These effluents are important sources of pollution method for the reduction of the color in aqueous mediums.
of water. The conventional methods of treatment of the aqueous The clay of Maghnia (Algeria) introduces an alternate candidate,
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potentially which may undergo beneficiation in the treatment
of waste water. Several studies on the effectiveness of adsor-
bent materials were focused on the adsorption of mono-adsorbate
system, however the waste water of textile industry contains
several dyes (bi- or multi-adsorbate systems. Indeed the study
of adsorption in the systems multi- adsorbed is very complex
that is due to the independent factors including:

(I)  Possibility of the mutual interactions adsorbate-
adsorbate;

(II)  Modification of the charge of surface of the adsorbent;

(IIT) Competitive adsorption of dyes for the active sites on
the surface of the adsorbent.

In this work, we presented the whole of the experimental
results, namely the treatment of purification and the adsorption
of RB5 and BG4 in the mono- and Bi-adsorbate systems by
using ADMI method. The problem approached in this work is
extremely important in the context of sustainable development
which prevails today.

MATERIALS AND METHODS

Natural clay from Maghnia (Algeria) was used in a purified
form. The basic dyes are provided by Acros Organics (99%).
Basic red RB5 (C.I. 50040; chemical structure C,sH;7CINy;
PM = 288.8 g/mole; Amax = 520 Nm and £=25000 cm™ mole™
dm’) and basic green BG4 (C.I. 42000; chemical structure
C23H25N2.1/2C2H204.C2HO4; PM=507.51 g/mole; Xmax =620
Nm and ¢ = 147620 cm’ mole'ldm3). The structure of basic
dye Neutral red 5 (BRS) and Malachite green oxalates 4 (BG4)
are displayed in Fig. 1.

Natural clay was purified from quartz and others noclay
minerals by sedimentation following pre-treatment with 0.05
mol/L HCI to remove carbonates and sulphates, H,O» solution
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Fig. 1. The structures of basic dyes: (a) Neutral red 5 (BRS5); (b)
Malachite green oxalates 4 (BG4).
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in the ratio of 1:30 (clay suspension: HO,= v/v) at 70 °C to
destroy organic matter. The <2 um clay particle size fraction
was saturated tree times in Na' ions with 0.1 mol/L NaCl
solution, and washed with distilled water to remove the excess
of CI ions, then separated by centrifugation, freeze dried at 60
°C for 24 h and is crushed. The material resulting from diffe-
rent treatments will be indicated by clay-Na. The cation capa-
city of exchange CEC and total specific surface TSS of our
clay-Na sample were estimated by the methylene blue method.”
The values of the CEC and TSS obtained are of 101.7214 meq/
100 g of clay-Na and 673.9351 m’/g respectively.

Aqueous dye solution stock was prepared by dissolving
accurately weighed neat dye in distilled water to the concent-
ration of 1 g/L.

Experimental solutions were obtained by successive dilu-
tions.

The adsorption isotherms of single dye were carried out, in
batch system at room temperature (19 - 22 °C), by using a
known amount of clay-Na sample with solid/liquid ratio of 0.1
g/L. The initial BRS or BG4 concentration solutions ranged
from 5 to 60 mg/L. The pH of the dye solutions was adjusted
by solutions of NaOH/ HCI (1 M) and stirred vigorously for 60
mn. At the end of the equilibrium period the solutions were
filtered to separate the clay-Na and the residual concentration
of BRS or BG4 in the filtrate measured by UV/Visible spectro-
photometer (Safa mc?) at wavelength of 520 nm and 620 nm
for BRS and BG4 respectively. Linear calibrations curves were
used in the determination of equilibrium BRS5 and BG4 con-
centrations. The curves were based on standards in the concent-
ration range from 5 to 30 mg/L.

The adsorption isotherms of the mixture of BRS and BG4
dyes onto clay-Na were studied using the ADMI method. In
our experiment, three initials concentrations ratios R (R = C(grsy
Csaa)) were tested: 2. 5/1, 1/1 and 1/ 2. 5. The procedures are
similar to those in singles dyes. The amount of adsorption at
equilibrium Q.(mg/g) was calculated based on the following
equation:

(Co— C)V
m

Qe = (1)

Where Cy and C, are the initial and equilibrium solution
concentrations (mg/L) respectively. V is volume of the solu-
tions (1), and m is the weight of Clay-Na (g) used.

The phenomena of adsorption are mainly defined by the
models of Langmuir and of Freundlich. The linearized equa-
tion is given as follows.”

C._ 1 G
Qe QmaxKl Qmax

)
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where C. is the equilibrium concentration of adsorbate in the
solution (mg/l), Q. is the amount of adsorbate adsorbed at
equilibrium per unit weight of clay-Na (mg/g), Qmax is the
maximum adsorption capacity (mg/g) and K is the adsorption
equilibrium constant related to the sorption energy between
the adsorbate and adsorbent (1/g). Qmax and K; are computed
from the slopes and intercepts of the straight lines of the plot
of (Ce/qe) vs. Ce.

The logarithmic form of Freundlich equation is stated as
follows. "’

log Q. = logKs + —— logC. 3)

where Ky is roughly an indicator of the adsorption capacity
(Vg) and (1/n) is the adsorption intensity.A plot of log (Qc) vs.
log (Ce) leads to a straight with the slop of (1/n)and an inter-
cepts of logKs.

The adsorption isotherms of mixtures of the two basics
dyes onto the clay-Na at room temperature were studied by
the removal of ADMI'' from aqueous solutions. This method
is based on two principal criteria:
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Fig. 2. Competitive equilibrium adsorption isotherms of BR5 dye in
mono- and bi- adsorbed system with initial concentration ratios on
clay-Na for Co=5 - 60 mg/L, m/v=0.1 g/L,pH=7,T=19-22°C
and contact time of 60 mn.

» There are no mutual interactions between the two dyes;
» The total absorbance for a mixture dye solutions is equal
to the summation of the absorbance of each dye;

A; = Arps + Agas “)

The adsorption capacities of each dye in mixture solutions
are computed using the following equations:

Apy = aresCras + ac4Caas 5)
Ap2) = a'resCras 1 a'Bc4Craa (6)

where Ay, Ayi, and Ay, are the absorbance of UV/VIS spectro-
meter at wavelength A, A1, and A, respectively; Aprsand Apcs
are the absorbances of BRS and BG4 at wavelength 2, res-
pectively; agrs and a'grs are the absorbance coefficient of pure
BRS at wavelength A; and A, respectively; apgs and a'gs are
the absorbance coefficients of pure BG4 at wavelength A; and
A2, respectively; Cprs and Cgg4 are the concentrations of BRS
and BG4 in the mixture solutions.

In order to obtain the adsorption capacity for each dye in
mixture solutions, the concentrations Cgrs and Cpgs are cal-
culated from equations (5) and (6).

RESULTS AND DISCUSSION

Figures 2 and 3 display the results of the adsorption isotherms
of singles dyes and dyes in the mixtures with different initials
concentration ratios R. The maximum adsorption capacities
of BR5 and BG4 in single dyes were 465.1316 and 469.9068
mg/g respectively. However, in the competition adsorption of
RBS5 and BG4 from the mixture solutions, the adsorption capa-
city of each dye in the mixtures was decreased to 401.0266
mg/g of RB5 and 386. 3068 mg/g of VB4 for R = 2.5/1 and
1/2.5 respectively. A strong competition adsorption between
BRS5 and BG4 dyes for the active sites of clay-Na surface was
observed for R = 1/1. These observations join those of former
work of Pelekani and al.'* for competitive adsorption between

Table 1. Langmuir and Freundlich parameters of BR5 and VB4 dyes in mono- and bi-adsorbed system with initial concentration ratios on
clay-Na for Co =5 - 60 mg/L, m/v=0.1 g/L, pH=15, T = 19 - 22 °C and contact time of 60 min.

System Experimental results Langmuir model Freundlich model

_ ’_ X X Qmax Qmax I<L 2 Kf 2

R= C(BRS)/C(BG4) R *Qc(mlxrurc)/ Qc(smglc) (mg/g) (mg/g) (L/g) R (L/g) 1/n R
50/0 1.00 465.1316 588.2353 0.3208 0.9459 262.0669 0.2272 0.9338
2.5/1 0.86 401.0266 476.1905 0.5250 0.9688 2229617 0.2296 0.8909
1/1 0.75 345.0777 333.3333 1.2500 0.9513 165.7366 0.2561 0.9880
1/2.5 0.84 386.3068 588.2353 0.2982 0.9796 151.8966 0.5182 0.9689
0/50 1.00 459.9068 555.5556 0.2432 0.8577 78.2102 0.8887 0.9929
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Fig. 3. Competitive equilibrium adsorption isotherms of BG4 dye in
mono- and bi- adsorbed system with initial concentration ratios on
clay-Na for Co=5-60 mg/L, m/v=0.1 g/L,pH=7,T=19-22°C
and contact time of 60 mn.
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Fig. 4. Variation of R’ and Kjparameters as function of R during the
competitive equilibrium adsorption isotherm of VB4 and BR5 dyes
in mono- and bi- adsorbed system with initial concentration ratios on
clay-Na.

o 1200
o
-
° 1000
i)
% 800
5 5 600
=
= —~
S £
= 400
2o -
*E © 200 R
= w1/
~ V)
& R=50/0 R=25/1 R=1/1 R=1/25 R=0/50
<
i R [R = Cras/Csaa)]

Fig. 5. Variation of R’ and 1/n parameters as function of R during the
competitive equilibrium adsorption isotherm of VB4 and BR5 dyes
in mono- and bi- adsorbed system with initial concentration ratios on
clay-Na.
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methylene blue and atrazine on the activated carbon.

Table 1 lists Langmuir and Freundlich linearized models
applied for the obtained experimental results of the adsorption
isotherms of singles dyes and dyes in the mixtures with different
initials concentration ratios. Freundlich model was fitted to
the adsorption data slightly better than the Langmuir model
with highly significant coefficients of regression (R*> 0.94),
which represents a heterogeneous surface for adsorption.

These results are similar to those obtained for the adsorption
of the reactive dyes (RY84, RR147 and RB160) on the wool."
To understand which dye is more favorable in the competitive
adsorption, the experimental adsorption data were expressed
in term of the capacity of maximum adsorption ratio R' (R' =
Qe (mixturey/ Qe (single))- For the adsorption in singles dyes, R' has
avalue of 1.00 for RB5 and BG4 respectively. However, in the
mixtures of dyes, the values of the ratio R' are 0.86, 0.75 and
0.84 respectively for R equal to 2.5/1, 1/1 and 1 /2.5. The
order of competitive adsorption of clay with respect to RB5
and BG4 is the following:

R' BG4single) = R' ®B5 single) > R' @ 2.5/ > R' ®=2.5/1) > R' r=11)

It indicates that the competitive adsorption seems to favor
the dye RBS slightly than BG4. This behavior of preferential
adsorption can be explained in point of view of molecular
weight of the dyes (RB5 = 288.8 g/mole and VB4 = 507. 51
g/mole). The RB5 with one weaker molecular weight will
compete with faster for the actives sites than VB4. The similar
phenomena have been observed in adsorption of Dye AAVN
and RB4 in of acid solutions on chemically cross-linked chi-
tosan beads."

The plot of experimental data R' and the theoretical data
deduced from the adjustments of Langmuir K; and Freundlich
1/n vs. initial concentrations ratios R are illustrated on Figures
4 and 5. It was found that R' behaves inversely with K for both
dyes in the range of the R explored, whereas R’ behaves
opposite manner with 1/n for R ranged from 2.5/1 to 1/1, on
the other hand, it seems that R' and 1/n show a similar behavior
when R varying from 1/1 to 1/2.5.

CONCLUSION

This study investigated the equilibrium of the adsorption of
two basic dyes on the clay-Na in mono- bi- adsorbate aqueous
solutions systems. The clay-Na exhibits very high adsorption
capacities to remove the basic dyes with maximum adsorption
capacity of BR5 and BG4 in single dyes of 465.13 and 469.90
mg/g respectively. In the mixtures, the adsorption capacity of
each dye was reduced by a factor of 0.86, 0. 75 and 0.84 for R =
2.5/1,1/1 and 1/2.5 respectively. A strong competition adsorp-
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tion between BR5 and BG4 dyes for the active sites of clay-Na
surface was observed for R = 1/1 and the competitive adsorp-
tion seems to favor the dye RBS5 slightly than BG4.

Freundlich model was fitted to the adsorption data slightly
better than the Langmuir model in single dyes as well as the
dyes in mixture solutions.

The capacity of maximum adsorption ratio R' behaves inver-
sely with K; for both dyes in the range of the R studied. However
R’ behaves opposite manner with 1/n for R ranged from 2.5/1
to 1/1, whereas, it seems that R' and 1/n show a similar behavior
when R varying from 1/1 to 1 2,5.
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