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a b s t r a c t

The removal of tartrazine from aqueous solutions onto the strongly basic polystyrene anion exchangers
of type 1 (Amberlite IRA-900) and type 2 (Amberlite IRA-910) was investigated. The experimental data
obtained at 100, 200, 300 and 500 mg/dm3 initial concentrations at 20 ◦C were applied to the pseudo-first
order, pseudo-second order and Weber–Morris kinetic models. The calculated sorption capacities (qe,cal)
vailable online 15 August 2008

eywords:
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emoval
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and the rate constant of the first order adsorption (k1) were determined. The pseudo-second order kinetic
constants (k2) and capacities were calculated from the plots of t/qt vs. t, 1/qt vs. 1/t, 1/t vs. 1/qt and qt/t vs.
qt for type 1, type 2, type 3 and type 4 of the pseudo-second order expression, respectively. The influence
of phase contact time, solution pH and temperature on tartrazine removal was also discussed. The FTIR
spectra of pure anion exchangers and those loaded with tartrazine were recorded, too.
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. Introduction

Dyes represent a very important group of water pollutants
hich appear in the effluents discharged from textile, leather, food
rocessing, paper and dye manufacturing industries [1–5]. Today
here are more than 10,000 dyes commercially available and the
stimates indicate that about 10–15 % of synthetic dyes used are
ost in waste streams during the processing operations [1,5–8].
trongly coloured effluents not only create environmental and aes-
hetic problems, but can also affect the aquatic life and food web as

ost of them are mutagenic and carcinogenic [5]. The conventional
ethods of colour removal from industrial effluents involve many

echniques, such as biological treatments [9–11], membrane tech-
ology [12], coagulation [13,14] and oxidation [5,15]. At present,
he most common treatment method for effective dyestuff removal
s adsorption [3,6,8]. Adsorption is found to be superior to other
echniques in terms of initial costs, simplicity of design, ease of
peration and insensitivity to toxic substances. Numerous studies
re focused on utilization of wastes containing dyes using different
orbents. Almost all the papers related to adsorption techniques

or colour removal from industrial effluents are based on studies
mploying activated carbon [7]. The high costs of activated car-
on sometimes make its use limited. So many researchers have
ried to search for alternative materials, which are relatively inex-

∗ Corresponding author. Tel.: +48 81 537 57 38; fax: +48 81 533 33 48.
E-mail address: m.wawrzkiewicz@op.pl (M. Wawrzkiewicz).
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ensive and at the same time characterized reasonably adsorptive
fficiency. Of many examples reported in literature, the following
ay be mentioned: rice [1] and peanut hull [16], sugarcane dust

17], pine sawdust [18], kohlrabi peel [8], orange peel [19], red mud
nd fly ash [6,20], chitosan and chitin [21], etc. There is still very
ittle information in literature about removal of dyes using ion-
xchangers [22,23]. Only Karcher et al. [23] proved that weakly
nd strongly basic anion exchange resins of commercial names
ewatit S6328A and Lewatit MP-62 exhibit good sorption char-
cteristics for reactive dyes (Reactive Red 120, Reactive Red 198,
eactive Black 5) contained in wastewaters from textile industry.
omplete regeneration without loss of capacity can be carried out
sing NaOH solutions or alkaline methanol–water mixtures [22,23].
hese results suggest that anion exchangers in general could be
ffective sorbents for dyes removal.

The aim of this study was, therefore, to screen and apply
ommercially available macroporous polystyrene anion exchang-
rs: Amberlite IRA-900 and IRA-910 for tartrazine removal from
queous solutions. The effects of initial dye concentrations, phase
ontact time, solution pH as well as temperature on tartrazine
dsorption were investigated. The experimental data were ana-
yzed using the pseudo-first and second order kinetic models as

ell as the intraparticle diffusion equation. Kinetic constants were

alculated.

Tartrazine is the best known and one of the most commonly
sed food additives. It is found in the following food stuffs: soft
rinks, instant puddings, flavored chips, custard powder, soups,
auces, ice cream, candy, chewing gum, marzipan, jam, jelly,

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:m.wawrzkiewicz@op.pl
dx.doi.org/10.1016/j.jhazmat.2008.08.021
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Fig. 1. Chemical structure of tartrazine, C16H9N4Na3O9S2.

armalade, mustard, yogurt and many convenience foods includ-
ng glycerin, lemon and honey products. Soaps, hair products,

oisturizers, crayons, stamp dyes, vitamins, antacids, medici-
al capsules also can contain tartrazine. Tartrazine appears to
ause the most allergic and/or intolerance reactions of all the
zo dyes, particularly amongst those with an aspirin intolerance
nd asthmatics. Tartrazine sensitivity is mainly manifested by
rticaria. Other reactions can include migraine, blurred vision, itch-

ng [24–27].

. Experimental

.1. Materials

The molecular structure of 4,5-dihydro-5-oxo-1-(4-
ulfophenyl)-4-[(4-sulfophenyl)azo]-1H-pyrazole-3-carboxylic
cid trisodium salt (Sigma Aldrich, Germany) known as tartrazine
E102, Acid Yellow 23, FD&C Yellow 5, C.I. Food Yellow 4) is shown
n Fig. 1.

Tartrazine solutions were prepared by dissolving the accurately
eighed amount of dye in 1 dm3 of distilled water.

In order to obtain the tartrazine solution of different initial pH,
mall amounts of 1 M HCl or 1 M NaOH (POCh, Poland) were added.

The properties of applied anion exchange resins are presented
n Table 1.

.2. Batch studies

The adsorption of tartrazine onto Amberlite IRA-900 and IRA-
10 was studied by means of laboratory batch method. The
amples of dry resin (0.25 g) were shaken mechanically (thermo-
tatic shaker; Elphin +358S, Poland) with 25 cm3 of corresponding
ye solution for 1–240 min at 20–50 ◦C. The agitation speed was

70 rpm. Dye solutions of four different initial concentrations (100,
00, 300 and 500 mg/dm3) were used.

At the end of the predetermined time interval, the anion
xchanger was removed by the filtration and the dye concentra-
ion was determined using the UV-VIS spectrophotometer (specord

w

t
d

able 1
nion exchangers characteristic

roperties Amberlite IRA-900

unctional groups Strongly basic, type 1
atrix Polystyrene, macropo

hysical form Pale yellow beads
onic form as shipped Chloride
otal ion-exchange capacity (eq/dm3) ≥1.0
oisture holding capacity (%) 58–64
armonic mean size (mm) 0.65–0.82
aximum operating temperature (◦C) 60

roducer Rohm & Haas Co., Fra
ardous Materials 164 (2009) 502–509 503

42; Carl Zeiss Jena, Germany) at the maximum absorbance wave-
ength (430 nm).

The data obtained from the sorption experiments were used to
alculate the adsorption capacity, qt (mg/g) from Eq. (1):

t = (C0 − Ct)
w

× V (1)

here C0 and Ct are the concentrations of the dye in the solution
efore and after sorption respectively (mg/dm3), V is the volume of
he solution (dm3) and w is the mass of the dry anion exchanger
g).

From these experiments the effect of phase contact time, initial
ye concentration, pH and temperature was investigated.

All collected values in this paper are the average of three inde-
endent experiments.

Kinetic experiments related to the effect of initial concentra-
ions were performed at the natural pHs (pH 4.55) of solutions
pH-meter; CX-742 Elmetron, Poland).

The differences in the spectra of anion exchangers before and
fter sorption of tartrazine were investigated by using the FTIR
echnique (spectrometer; type 1725X, Perkin-Elmer, Germany).

.3. Determination of the distribution coefficients and resin
apacities

The dynamic procedures were applied. The one-centimetre
iameter columns were filled with swollen anion exchangers in
he amount of 10 cm3. Then tartrazine solution of the initial con-
entration 100 mg/dm3 was passed through the anion exchanger
ed at the rate of 0.8 cm3/cm2 min. The eluate was collected in the
ractions and the tartrazine content was determined.

The mass (Kd) and bed (K ′
d) distribution coefficients of tartrazine

s well as working ion exchange capacities (Cr) were calculated
rom the breakthrough curves according to the Eqs. (2) and (3):

d = U − U0 − V

mj
(2)

here U is the effluent volume at C = C0/2 (dm3), U0 is the dead
olume in the column (liquid volume in the column between the
ottom edge of ion-exchanger bed and the outlet) (dm3), V is the
oid (inter-particle) ion exchanger bed volume (which amounts to
a. 0.4 of the bed volume) (dm3), mj is the dry ion exchanger mass
g).

′
d = Kddz (3)
here dz is the bed density (g/dm3) [28].
Working (Cw) ion exchange capacities are expressed in mg of

artrazine per cm3 of swollen anion exchanger. The amount of the
ye loaded on the anion exchanger was calculated by mass balance.

Amberlite IRA-910

–N+(CH3)3 Strongly basic, type 2 –N+(CH3)2C2H4OH
rous

White beads
Chloride
≥1.0
54–61
0.53–0.80
60

nce
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Fig. 3. Pseudo-first order model fit to the data describing the effect of initial tar-
trazine concentration on sorption kinetics using Amberlite IRA-900 at 20 ◦C.
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of the initial concentrations: 100, 200 and 300 mg/dm3, the better
results were obtained using the pseudo-second order equations.

Table 2
Pseudo-first order kinetic parameters for anion exchangers of type 1 and type 2

Parameters Initial concentration

100 mg/dm3 200 mg/dm3 300 mg/dm3 500 mg/dm3

Amberlite IRA-900
qe, exp (mg/g) 10.0 20.0 30.0 50.0
qe, cal (mg/g) 10.966 15.668 32.043 57.654
k1 (1/min) 0.445 0.359 0.383 0.359
r2 0.954 0.985 0.994 0.882
ig. 2. Influence of phase contact time and initial concentration on tartrazine uptake
t 20 ◦C by the strongly basic anion exchanger of type 1 Amberlite IRA-900.

. Results and discussion

.1. Effect of phase contact time and initial dye concentration

A series of contact time experiments for tartrazine has been car-
ied out with the initial dye concentration from 100 to 500 mg/dm3

t 20 ◦C. Fig. 2 shows that the amount of the adsorbed dye onto
he strongly basic anion exchanger of N+(CH3)3 functional groups
ncreased with time. The contact time necessary to reach equilib-
ium was 20 min. The sorption capacities qt increase from 9.99 to
9.88 mg/g with the increase in initial concentration from 100 to
00 mg/dm3.

The equilibrium uptake in the case of Amberlite IRA-910
ccurred after 30 min. The sorption capacities using Amberlite
RA-910 were equal to 9.94, 19.93, 29.33 and 49.96 mg/g for the
ye solutions of the initial concentrations 100, 200, 300 and
00 mg/dm3, respectively.

The initial dye concentration had little influence on the time of
ontact necessary to reach equilibrium.

.2. Kinetic parameters

The adsorption process proved to be effective for the removal of
arious pollutants from aqueous solutions. The prediction of batch
inetics is necessary for designing of sorption systems. Chemical
inetics explains the rate of chemical reactions. The nature of sorp-
ion process depends on physical or chemical characteristics of the
dsorbent and also on the system conditions. Kinetic models based
n the concentration of solute and on the dose of sorbent have been
roposed by several researchers [29].

In order to investigate the mechanism of sorption, the rate con-
tant of chemical sorption and intraparticle diffusion for the dyes
ere determined using the equations of the pseudo-first order

ystem by Lagergren, pseudo-second order mechanism and intra-
article diffusion by Weber and Morris, respectively [29–33].

.2.1. Lagergen pseudo-first order kinetics
The Langergren pseudo-first order rate expression is generally

escribed using the following equation:

dqt

dt
= k1(qe − qt) (4)

here qe and qt are the amounts (mg/g) of dye adsorbed at equi-
ibrium and at time t (min) respectively; and k1 is the constant rate
1/min).
After integration by applying the boundary conditions (qt = 0 at
= 0 and qt = qt at t = t), Eq. (4) can be rearranged for the linearized
ata plotting:

og(qe − qt) = log(qe) − k1

2.303
t (5)

A

ig. 4. Pseudo-first order model fit to the data describing the effect of initial tar-
razine concentration on sorption kinetics using Amberlite IRA-910 at 20 ◦C.

n order to confirm the applicability of the model, the plot of
og(qe − qt) against t should be a straight line. In a real first-order
rocess, experimental log(qe) should be equal to the intercept of
he straight line [30,34,35].

Figs. 3 and 4 show the log(qe − qt) vs. t plots taking into account
he tartrazine initial concentration using Amberlite IRA-900 and
RA-910 in sorption experiments, respectively. The rate constants
1 were calculated from the slopes of Figs. 3 and 4. It was noticed
hat the rate constants k1 decreased with the increase in the initial
ye concentration, some deviations were observed for the solution
ontaining 200 mg/dm3 of tartrazine. The correlation coefficients
ere high, ranging from 0.994 to 0.882 and from 0.996 to 989 for the

nion exchangers of type 1 and type 2, respectively (Table 2). How-
ver, the calculated equilibrium capacities qe,cal according to the
angergren pseudo-first order rate expression are in good agree-
ent with the values of experimental capacities qe,exp for solutions
mberlite IRA-910
qe, exp (mg/g) 10.0 20.0 30.0 50.0
qe, cal (mg/g) 8.404 20.126 32.903 44.559
k1 (1/min) 0.339 0.392 0.250 0.112
r2 0.996 0.998 0.989 0.992
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Table 3
Comparison of the pseudo-second order models

Type Linear form Plot

Type 1 pseudo-second t
qt

= 1
k2q2

e
+ 1

qe
t t/qt vs. t

Type 2 pseudo-second 1
q =

(
1
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Fig. 5. The fitting of type 1 of the pseudo-second order model for tartrazine sorption
on Amberlite IRA-900 for different initial concentrations at 20 ◦C.
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ype 3 pseudo-second 1
t = k2q2

e
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− k2q2
e

qe
1/t vs. 1/qt

ype 4 pseudo-second qt
t = k2q2

e − k2q2
e qt

qe
qt/t vs. qt

.2.2. Comparison of four types of pseudo-second order kinetic
odels

The pseudo-second order kinetic rate equation is expressed as:

dqt

dt
= k2(qe − qt)

2 (6)

here qe and qt are the amounts (mg/g) of dye adsorbed at equilib-
ium and at time t (min), respectively; and k2 is the constant rate
f the pseudo-second order adsorption (g/mg min).

After taking into account the boundary conditions, qt = 0 at t = 0
nd qt = qt at t = t, the integrated form of Eq. (6) can be rearranged
o obtain Eq. (7):

t

qt
= 1

k2q2
e

+ 1
qe

t (7)

nd

= k2q2
e (8)

here h is the initial sorption rate (mg/g min).
The values of k2 and qe can be determined from the slope and

ntercept of the plot t/qt vs. t, respectively. This dependence is
efined as type 1 of the pseudo-second order expression.

Similarly, the pseudo second-order kinetic constant k2 and qe

an be calculated from the plots of 1/qt vs. 1/t, 1/t vs. 1/qt and qt/t
s. qt for type 2, type 3 and type 4 of the pseudo-second order
xpressions, respectively [31,32]. Table 3 shows the linear forms of
q. (7) [36].

The calculated kinetic constants, according to the four linear

orms of the pseudo-second order model at different food dye con-
entrations, are compared in Tables 4 and 5. Figs. 5–8 illustrate the
xperimental data using the equation of four pseudo-second kinetic
odels (types 1–4) for the sorption of tartrazine on Amberlite IRA-

00 from the solution of initial concentration 100–500 mg/dm3 at

b
p
(
f
t

able 4
seudo-second order kinetic parameters obtained from the linear forms at different initia

ype Parameters Initial concentration of tar

100 mg/dm3

ypes 1–4 qe,exp (mg/g) 10.0

ype 1 qe,cal (mg/g) 10.034
k2 (g/mg min) 0.175
h (mg/g min) 17.635
r2 0.999

ype 2 qe,cal (mg/g) 10.741
k2 (g/mg min) 0.057
h (mg/g min) 6.608
r2 0.976

ype 3 qe,cal (mg/g) 10.817
k2 (g/mg min) 0.055
h (mg/g min) 6.449
r2 0.976

ype 4 qe,cal (mg/g) 11.722
k2 (g/mg min) 0.046
h (mg/g min) 6.297
r2 0.957
ig. 6. The fitting of type 2 of the pseudo-second order model for tartrazine sorption
n Amberlite IRA-900 for different initial concentrations at 20 ◦C.

0 ◦C. Similar patterns were obtained using Amberlite IRA-910. It
as observed that k2, h and qe,cal obtained from the four linear

orms of the pseudo-second order equations were different.
Kinetics sorption of tartrazine from the solutions of the initial

oncentrations ranging from 100 to 500 mg/dm3 on both strongly
asic anion exchangers was well-described using model 1 of the

seudo-second expression. It was confirmed by the values of r2

0.999). The high values of r2 confirm that the sorption process
ollows a pseudo-second order mechanism. The calculated sorp-
ion capacities were in very good agreement with the experimental

l concentration of tartrazine using Amberlite IRA-900 at 20 ◦C

trazine

200 mg/dm3 300 mg/dm3 500 mg/dm3

20.0 30.0 50.0

20.076 30.164 50.25
0.077 0.036 0.022

31.259 32.733 56.631
0.999 0.999 0.999

21.857 33.761 49.659
0.023 0.010 0.018

11.002 11.940 44.405
0.975 0.980 0.929

22.056 34.104 49.995
0.022 0.010 0.016

10.725 11.705 41.274
0.934 0.980 0.930

7.967 37.844 24.310
−0.218 0.004 −0.067

−13.853 6.374 −39.747
0.668 0.974 0.863
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Table 5
Pseudo-second order kinetic parameters obtained from the linear forms at different initial concentration of tartrazine using Amberlite IRA-910 at 20 ◦C

Type Parameters Initial concentration of tartrazine

100 mg/dm3 200 mg/dm3 300 mg/dm3 500 mg/dm3

Types 1-4 qe,exp (mg/g) 10.0 20.0 30.0 50.0

Type 1 qe,cal (mg/g) 10.041 20.096 30.299 51.013
k2 (g/mg min) 0.144 0.061 0.019 0.0006
h (mg/g min) 14.528 24.752 17.758 14.412
r2 0.999 0.999 0.999 0.999

Type 2 qe,cal (mg/g) 10.477 22.673 32.254 49.071
k2 (g/mg min) 0.067 0.016 0.009 0.005
h (mg/g min) 6.778 8.297 9.899 12.482
r2 0.988 0.972 0.995 0.977

Type 3 qe,cal (mg/g) 10.511 22.991 32.346 49.904
k2 (g/mg min) 0.061 0.015 0.009 0.005
h (mg/g min) 6.699 8.067 9.850 12.189
r2 0.988 0.972 0.995 0.976

Type 4 qe,cal (mg/g) 11.299
k2 (g/mg min) 0.049
h (mg/g min) 6.201
r2 0.972
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ig. 7. The fitting of type 3 of the pseudo-second order model for tartrazine sorption
n Amberlite IRA-900 for different initial concentrations at 20 ◦C.

orption capacities (Tables 4 and 5). This also shows the applica-
ility of type 1 of the pseudo-second order model in predicting
he kinetics of tartrazine adsorption onto Amberlite IRA-900 and
mberlite IRA-910. It is generally assumed that a sorption pro-
ess that fits the pseudo-second order kinetic model is the one
ontrolled by chemisorption [11,35].

There was a good correlation of experimental capacities with
hose calculated qe,cal for tartrazine solutions using the linear forms
f types 2 and 3 of the pseudo-second order kinetic expression. The

alues qe,cal were slightly higher than their experimental equiva-
ents.

It was confirmed by the values of r2 ranging from 0.929 to 0.995.
here was observed the decrease in k2 values with the increasing
nitial tartrazine concentration.

ig. 8. The fitting of type 4 of the pseudo-second order model for tartrazine sorption
n Amberlite IRA-900 for different initial concentrations at 20 ◦C.

A
u
f
c
k

F
t

6.994 32.743 11.489
−0.236 0.006 −0.109

−11.539 5.957 −14.516
0.709 0.864 0.945

Type 4 of the pseudo-second order expression represented very
oorly the kinetic data of tartrazine. The lower r2 values, from
.668 to 0.974 for Amberlite IRA-900 and from 0.709 to 0.972 for
mberlite IRA-910, were obtained. Furthermore, for the initial dye
oncentrations 200 and 500 mg/dm3, type 4 pseudo-second order
xpression produced negative k2 and h values, which was experi-
entally and practically impossible.

.2.3. Weber and Morris intraparticle diffusion model
Weber and Morris in 1963 [11,35] made the assumption that

orption is proportional to the square root of contact time:

t = kit
0.5 (9)

here ki is the intraparticle diffusion rate (mg/g min0.5).
The intraparticle diffusion model controls the sorption when the

raph of qt against t0.5 is a straight line passing through the origin
11,37].

Fig. 9 illustrates the intraparticle diffusion kinetics of tar-
razine at various initial concentrations at 20 ◦C on Amberlite
RA-900. The values of intraparticle diffusion rates ki calculated
rom the slope of the plots qt vs. t0.5 increased from 0.210 to
.227 mg/g min1/2 and from 0.233 to 2.289 mg/g min1/2 with the
ncrease in the initial concentrations from 100 to 500 mg/dm3 for

mberlite IRA-900 and Amberlite IRA-910, respectively. The val-
es of r2 are very low (<0.453 for Amberlite IRA-900 and <0.606
or Amberlite IRA-910). As shown in Fig. 9, with initial dye con-
entration increase, some deviations from intraparticle diffusion
inetics are observed. This can be attributed to some repulsion

ig. 9. Effect of initial dye concentration on the intraparticle diffusion kinetics of
artrazine on Amberlite IRA-900 at 20 ◦C.
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Fig. 11. Effect of temperature on tartrazine removal from solution of initial concen-
t

3

a
b
A

e
a
K

a
t
t

Amberlite IRA-900 > Amberlite IRA-910
ig. 10. Effect of initial pH on tartrazine removal from solution of initial concen-
ration 100 mg/dm3 using the strongly basic anion exchangers of types 1 and 2
t = 45 min).

etween adsorbent and adsorbate molecules due to concentration
ensity.

.3. Effect of pH

Solution pH is an important factor controlling the surface charge
f the adsorbent and the degree of ionization of the adsorbate in
he solution [38]. Fig. 10 shows the relationship between initial pH
f tartrazine solutions and the adsorption capacity using the anion
xchange resins of type 1 (Amberlite IRA-900) and type 2 (Amber-
ite IRA-910). Decrease in sorption capacity with the increasing
nitial concentration was observed. The system pH changed from
.5 to 6.9 and from 1.2 to 10.7 during tartrazine adsorption at the
nitial solution pH of 1.3–12 by Amberlite IRA-900 and IRA-910,
espectively.

In aqueous solution, tartrazine (R′(SO3)2Na2) was dissolved and
he strongly acidic sulfonate groups of the dye were dissociated and
onverted to anionic dye ions:

′(SO3)2Na2
H2O−→R′(SO3)2

2− + 2Na+

The adsorption process then proceeded due to the interaction
etween the anionic dye (R′(SO3)2

2−) and the functional groups of
he anion exchanger in chloride form (RCl):

RCl + R′(SO3)2
2− → R2(SO3)2R′ + 2Cl−

s follows from the above, tartrazine forms a stable ion pair in
he anion exchanger phase, but the surface interactions with the
romatic ring must be also taken into account. Tartrazine contains
roups ( OH, COONa, SO3Na, N N ) that can participate in
ovalent, coulombic, hydrogen bonding or weak van der Waals
orces. The occurrence of double bond serves to enhance the inter-
ction between the dye and the anion exchanger macromolecule.
he physical adsorption and �–� dispersion forces can arise from
he aromatic nature of the resin and tartrazine [39].

.4. Effect of temperature

The temperature dependence of tartrazine sorption onto
trongly basic anion exchangers was studied with the constant
nitial concentration of 100 mg/dm3. Fig. 11 shows the effect of tem-
erature on the sorption of tartrazine by Amberlite IRA-910 as a
unction of contact time. The equilibrium sorption capacity slightly
ncreased when the temperature of dye solution increased from 20

o 50 ◦C. The same effect of temperature was observed for the anion
xchanger of type 1.

The fact that the sorption of tartrazine is in favour of temperature
ndicates that the mobility of the dye molecule increases with the
emperature rise [40].

F
A
v

ration 100 mg/dm3 using the strongly basic anion exchanger of type 2 (t = 45 min).

.5. Column experiments

The weight (Kd) and bed (K ′
d) distribution coefficients as well

s working (Cw) ion exchange capacities were calculated from the
reakthrough curves. The breakthrough curves for tartrazine using
mberlite IRA-900 and IRA-910 are presented in Fig. 12.

Kd and K ′
d are equal to 8.5 and 2.1 for the strongly basic anion

xchanger of type 1. The values under discussion are higher for the
nion exchanger of N+(CH3)2C2H4OH functional groups (Kd = 11.6,
′
d = 2.2).

From the values of Cw (134.5 mg/cm3 for Amberlite IRA-900
nd 117.7 mg/cm3 for Amberlite IRA-910) in the 100 mg/dm3 tar-
razine system, the studied anion exchangers can be presented in
he following series:
ig. 12. Breakthrough curves of tartrazine determined for Amberlite IRA-900 and
mberlite IRA-910 (C0 = 100 mg/dm3, 10 cm3 of swollen anion exchanger, volume
elocity 0.8 cm3/cm2 min).
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ig. 13. a–b. FTIR spectra of Amberlite IRA-900 before (a) and after (b) sorption of
artrazine.

s far as their application is concerned in the removal of this dye
rom wastewaters.

.6. FTIR analysis

The Fourier transform infrared spectroscopy method was used
n the investigations of removal process of tartrazine using the
trongly basic anion exchangers. The spectra of the anion exchang-
rs were measured within the range of 400–4000 cm−1.

The model spectra for Amberlite IRA-900 and Amberlite IRA-
10 before and after loading with tartrazine are presented in
igs. 13a,b and 14a,b. The peaks around 3442 cm−1 for strong bands
f the OH stretching vibrations were observed for both anion
xchangers. On the lower frequency side of this band some peaks
t about 3018 cm−1, 2922 cm−1, related to the stretching vibrations
f the ring C H bonds and CH2 groups of the matrix (cross-
inked polystyrene) of anion exchangers were observed (3018 cm−1

as(C H), 2922 cm−1 �as ( CH2)). At 1630 cm−1 (ı(O H)) the pres-
nce of water in the anion exchanger phase was found. The ring
arbon–carbon stretching and the scissoring vibrations of the
ethylene groups (ıas CH2) appeared at 1487and 1421 cm−1 as
ell as 1383 cm−1. The deformation vibrations of 1,4-disubstituted
enzene ring (S-DVB) were also noticed at 980 and 821 cm−1

41–43]. The FTIR spectra of the strongly basic anion exchangers:
mberlite IRA-900 and IRA-910 before (Fig. 13a and 14a) and after

Fig. 13b and 14b) sorption of tartrazine are very similar. After the
orption the intensity of some bands changed. It was stated that

n the spectra of the loaded anion exchangers (Figs. 13b and 14b)
ymmetric and asymmetric vibrations of SO3

− groups appeared at
088 and 1149 cm−1, respectively. At 1018 cm−1 asymmetric vibra-
ion of S O group was observed, too. It seems that these groups
articipate in dye binding.

•

ig. 14. a–b. FTIR spectra of Amberlite IRA-910 before (a) and after (b) sorption of
artrazine.

. Conclusions

The present study shows that the strongly basic polystyrene anion
exchangers of type 1 (Amberlite IRA-900) and type 2 (Amber-
lite IRA-910) can be used as the adsorbent for the removal of
tartrazine from its aqueous solutions.
The amount of dye sorbed was found to vary with initial solution
concentration, contact time and solution pH.

The contact time necessary to reach equilibrium using Amber-
lite IRA-900 was 20 min., the sorption capacities qe increase
from 9.99 to 49.88 mg/g with the increase in tartrazine initial
concentration from 100 to 500 mg/dm3. The sorption capacities
using Amberlite IRA-910 were equal to 9.94, 19.93, 29.33 and
49.96 mg/g for the dye solutions of the initial concentrations
100, 200, 300 and 500 mg/dm3, respectively. The equilibrium was
established after 30 min.

The sorption capacities slightly decrease with initial solution
pH increase for both anion exchangers.

The equilibrium sorption capacity insignificantly increased
when the temperature of dye solution increased from 20 to 50 ◦C
using Amberlite IRA-900 and IRA-910.
The sorption data were found to follow the pseudo-second order
kinetic model of type 1. It was confirmed by the values of r2

(0.999). There was a very good correlation of experimental capac-
ities with those calculated qe,cal for tartrazine solutions, too. Type
4 of the pseudo-second order expression represented very poorly
the kinetic data of tartrazine.
The sorption mechanism of tartrazine on the strongly basic anion
exchange resins: Amberlite IRA-900 and IRA-910 can be anion-
exchanging. Interactions of the functional groups of tartrazine
( OH, COONa, SO3Na, N N ) with the resin matrix could be
result from covalent, coulombic and hydrogene bonding as well
as weak van der Waals forces.

Taking into account high values of the working ion exchange
capacities Amberlite IRA-900 (134.5 mg/cm3) and Amberlite IRA-
910 (117.7 mg/cm3) can find practical application in tartrazine
removal from waste waters as well as prototypes of new chelating
ion-exchangers for the transition metal ions sorption.
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Methods in Inorganic Trace Analysis, Wiley & Sons, Ltd., New York, 1982.
29] K.V. Kumar, S. Sivanesan, Pseudo second order kinetic models for safranin onto

rice husk: comparison of linear and non-linear regression analysis, Process
Biochem. 41 (2006) 1198–1202.

30] Y.S. Ho, G. McKay, Sorption of dyes from aqueous solution by peat, Chem. Eng.
J. 70 (1998) 115–124.

31] K.V. Kumar, Linear and non-linear regression analysis for the sorption kinet-
ics of methylene blue onto activated carbon, J. Hazard. Mater. 137B (2006)
1538–1544.

32] Y.S. Ho, Second-order kinetic model for the sorption of cadmium onto tree
fern: a comparison of linear and non-linear methods, Water Res. 40 (2006)
119–125.

33] M. Chabani, A. Amrane, A. Bensmaili, Kinetics of nitrates adsorption on Amber-
lite IRA-400 resin, Desalination 197 (2006) 117–124.

34] Y.S. Ho, Removal of copper ions from aqueous solution by tree fern, Water Res.
37 (2003) 2323–2330.

35] V. Vadivelan, K.V. Kumar, Equilibrium, kinetics, mechanism and process design
for the sorption of methylene blue onto rice husk, J. Colloid Interf. Sci. 286
(2005) 90–100.

36] K.V. Kumar, S. Sivanesan, Selection of optimum sorption kinetics: comparison
of linear and non-linear method, J. Hazard. Mater. 134B (2006) 277–279.

37] S.V. Mohan, S.V. Ramanaiah, B. Rajkumar, P.N. Sarma, Removal of fluoride from
aqueous phase by biosorption onto algal biosorbent Spirogyra sp.-IO2: sorption
mechanism elucidation, J. Hazard. Mater. 141 (2007) 465–474.

38] N. Sakkayawong, P. Thiravetyan, W. Nakbanpote, Adsorption mechanism of syn-
thetic reactive dye wastewater by chitosan, J. Colloid Interf. Sci. 286 (2005)
36–42.

39] P. Pengthamkeerati, T. Satapanajaru, O. Singchan, Sorption of reactive dye from
aqueous solution on biomass fly ash, J. Hazard. Mater. 153 (2008) 1149–1156.
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