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bstract

Effluent discharged from the chromium electroplating industry contains a large number of metals, including chromium, copper, nickel, zinc,
anganese and lead. The ion exchange process is an alternative technique for application in the treatment of industrial wastewater containing

eavy metals and indeed it has proven to be very promising in the removal and recovery of valuable species. The main objective of the present
ork is to evaluate the performance of commercial ion exchange resins for removing chromium trivalent from industrial effluents, and for this
urpose two resins were tested: a chelating exchange resin (Diaion CR11) and a weak cationic resin (Amberlite IRC86). In order to evaluate the

orption capacity of the resins some equilibrium experiments were carried out, being the temperature and pH the main variables considered. The
hromium solutions employed in the experiments were synthetic solutions and industrial effluents. In addition, a transient test was also performed
s an attempt to understand the kinetic behaviour of the process.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Metal surface treatment is one of the major metal work-
ng processes that generates a large amount of liquid and
olid (sludge) wastes containing heavy metals. According to
tudies performed by the Waste’s Institute of the Ministry of
nvironment, this waste represented about 0.9% of the over-
ll production (25,400 tonnes) of hazard industrial wastes in
ortugal during the year 2001. Heavy metals are important
ources of environmental pollution, being some of them very
oxic even at low concentrations. The traditional techniques
sed for metal control are based on chemical precipitation cou-
led to pre- or post-oxidation/reduction followed by filtration
n order to concentrate the species of interest. The main disad-
antage of these techniques is the production of solid residues
sludges) containing toxic compounds whose final disposal is in
eneral landfilling (which is the last priority in terms of EU poli-

ies). Therefore, the use of other alternative techniques (such as
dsorption, ion exchange, membrane and biological processes)
ased on physical, chemical and biological mechanisms is advis-
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ble in order to protect the environment and at the same time
ecovering at least a valuable metal. In the case of the chromium
case studied), the chromate form can be recovered from an
ffluent and reused in the plating industry or in tanneries after
eduction to Cr(III). The selection of this heavy metal is based on
ealth concerns, since hexavalent chromium is potentially car-
inogenic when inhaled [1–3], as well as due to its commercial
alue.

Several studies considering the Cr removal by ion exchange
esins have been reported in the literature. Petruzelli et al.
4] reported the IERECHROM process based on the use of a
acroporous carboxylic resin that allows the removal of almost

ure Cr from other interfering metals. Chmielewski et al. [5]
mplemented a method for recovering Cr, Cu and water from
lectroplating wastewater using a combined process involving
lectrochemical oxidation and ion exchange. Lin and Kiang [6]
roposed a procedure to recover chromic acid from a waste
cid solution using a multi-step ion exchange process, where
large amount of regenerant chemicals were spent. Yalçin et

l. [7] developed a laboratory-scale separation process for the

ecovery of Cr(VI) and Cr(III) with a strongly basic resin and a
eakly acidic resin, respectively. Rengaraj et al. [8] performed

quilibrium and kinetics experiments to evaluate the sorption
apacity of chromium by three different strongly acid resins.

mailto:lferreira@eq.uc.pt
dx.doi.org/10.1016/j.jhazmat.2007.01.087
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ome chelating resins show high affinity to chromium, which
an be considered an advantage in the wastewater treatment
9–11]. The uptake of chromium by ion exchange resins is
ather affected by certain variables such as pH, temperature, ini-
ial metal concentration and contact time [12,13]. Ion exchange
esins have been also used to remove other metals from electro-
lating waste waters [14,15].

In the present work the removal of Cr(III) from aqueous
olutions using a chelating exchange resin (Diaion CR11) and

weak cationic resin (Amberlite IRC86) was investigated.
he main objective of the study was to evaluate the sorption
quilibrium for these resins at two different temperatures. More-
ver, a preliminary experiment was also performed in order to
nderstand the dynamic behaviour of the process in a column
est.

. Materials and methods

The results of this work were obtained using the materials
nd experimental procedures described in next sections.

.1. Ion exchange resins and reagents

The chelating resin Diaion CR11 (Mitsubishi Chemical Cor-
oration) and the weak cationic resin Amberlite IRC 86 (Rohm
nd Haas) were used in this study. In the case of Diaion CR11,
he matrix is polystyrenic and the chelating group is the imin-
diacetic acid. For Amberlite IRC 86, the functional group is the
arboxylic acid and the matrix is a polyacrylic copolymer. All
he chemicals used were of analytical grade and were obtained
rom Ridel-de-Haën.

.2. Conditioning and regeneration of the resins

Before the experiments, the resins were pretreated by
epeated washings with 2 M HCl and 2 M NaOH solutions to
emove solvents and other preparation chemicals. The last step
f the conditioning consisted in percolating a solution of NaOH
r HCl through the column in order to convert the resins to Na+

r H+ form, respectively. The excess of OH− or Cl− groups
ere removed from the resins by rinsing with deionized water.
ifferent solutions with strong acids or bases were used for the

egeneration of the exhausted resins. A solution of 1 M NaOH
nd 0.15 M H2O2 proved to be reasonably effective for striping
r(III) from the resins Amberlite IRC86 and Diaion CR11. For

his last, it was necessary to leave the resin in contact with the
olution for about 24 h.

.3. Equilibrium experiments

For these experiments, samples of synthetic effluent were
repared by dissolving an appropriate amount of chromium salt
Cr(NO3)3·9H2O) and copper salt (Cu(NO3)2·2.5H2O) in dis-

illed water. An industrial effluent from a plating metal industry
as also utilized.
The sorption of chromium(III) on the resins was studied

hrough batch tests, where 75 ml of a synthetic solution of

s
s
n
ε

s Materials 144 (2007) 634–638 635

hromium nitrate at different initial concentrations of chromium
ere added into a flask with 2 g of preconditioned resin. The
asks were sealed and placed in a constant temperature shaker
t 25 or 50 ◦C for 24 h (Diaion CR11) or 48 h (Amberlite IRC
6). The resins were separated by filtration and some aliquots of
iquid were analysed using flame atomic absorption spectropho-
ometry in order to determine the total concentration of the metal
n solution.

.4. Column experiments

In the column experiment, a glass tube with 1.6 cm inter-
al diameter and 20 cm height, packed with 9 cm of resin
8.5 g) was used. A peristaltic pump was utilized to percolate
0 ml/min through the column of a synthetic solution contain-
ng 732 mg/l of Cr3+ and 6.4 mg/l of Cu2+. Several samples
ere collected at the outlet column and the concentrations of

hromium and copper along the time were analysed as described
bove.

. Results and discussion

Considering that the main objective is the removal of
hromium trivalent from electroplating effluents, this study show
reliminary results in order to evaluate the performance of
wo commercial resins. The results comprehend mainly the
haracterization of the industrial effluent, the determination of
quilibrium ion exchange isotherms and the analysis of dynamic
ehaviour of saturation in column.

.1. Characterization of the industrial effluent

Two samples of an industrial effluent were collected from a
hromium electroplating industry located in the centre region
f Portugal, being the Cr and Cu quantified. Other species and
arameters were also evaluated using standard analytical meth-
ds and the results are shown in Table 1. The sample 1 (S1) and
ample 2 (S2) were collected with an elapsed time approximately
f 2 months. As expected, the samples are moderately concen-
rated in chromium, containing also other heavy metals in lower
uantities (Cu, Fe, traces of Ni and Zn). The concentrations of
a and K in the sample S2 are much higher than in the sample
1 due to the process industrial conditions. Since the CQO is

ow, the main pollution problem of this effluent is related with
norganic elements, whose concentration in the samples anal-
sed is rather above of the maximum allowed by the Portuguese
egislation: 3.0 and 0.1 mg/l for trivalent and hexavalent forms,
espectively.

.2. Characterization of the resins

Some physico-chemical characteristics of the used resins
ere determined and indicated in Table 2. The apparent den-
ity, ρap, was obtained from the real density of the wet resin
ample (evaluated by the displacement of n-heptane in a pic-
ometer) and the moisture content. The wet particle porosity,
, was evaluated considering the real and apparent densities.
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Table 1
Characteristics of two industrial effluent samples

Cr (mg/l) Cu (mg/l) Na (mg/l) K (mg/l) Ca (mg/l) Mg (mg/l) Fe (mg/l) pH TDS (mg/l) CQO (mg/l)

S1 729.0 5.9 56.0 2.7 68.9
S2 683.7 3.3 1897 468 70.9

(a): not determined.

Table 2
Characteristics of the ion exchange resins

Property Diaion® CR11 Amberlite® IRC 86

Moisture content (%) 61.3 68.0
Apparent density, ρap (g dry

resin/cm3 resin)
0.38 0.43
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Na form. The sorption capacity of conventional resins gener-
ally decreases when the temperature increases. However, in the
case of chelating resins the opposite effect can occur depending
on how the equilibrium constant of the chelate complex formed
et particle porosity, ε 0.73 0.74
otal capacity (mequiv. Na+/g
resin)

1.21 2.77

he ion exchange capacities of the resins in the Na+ form were
btained by the potentiometric titration method, and the curves
re given in Fig. 1. For Diaion CR11 one equivalence point
s detected, and for Amberlite IRC86 two points are observed,

eaning that there are two dissociating groups associated to this
esin. The results showed in Table 2 indicate that the Amberlite
as a total capacity almost twice higher than the Diaion.

.3. Equilibrium ion exchange isotherm

For describing the adsorption equilibrium, the following
odel is commonly employed:

angmuir model q = qmaxKLC

1 + KLC
(1)

here q is the amount adsorbed in the resin (mg/gwetres), C is
he equilibrium concentration (mg/l) and qmax and KL are the
sotherm parameters.
.3.1. Diaion CR11
The resin, either in the H+ or in the Na+ form, was tested

t two different temperatures (25 and 50 ◦C). The experimental

Fig. 1. Potentiometric titration curves for the resins Diaion and Amberlite.
F
p

9.3 15.6 2.6 (a) <100
5.8 17.8 2.3 7763 <100

ata corresponding to the equilibrium isotherms using synthetic
olutions of Cr3+ with different concentrations are presented
n Fig. 2. The shapes of the curves show that the resin has a
ignificant affinity to the chromium and the sodium form exhibits
igher sorption capacity than the resin converted to the hydrogen
orm.

From Fig. 2, it can also be concluded that the sorption capac-
ty of chromium increases with the temperature, being this fact

ore evident in Fig. 2(a). Even though in Fig. 2(b) this dif-
erence is not so large, it can be confirmed by comparing the
aximum capacities (qmax) at 25 and 50 ◦C for the resin in the

+

ig. 2. Adsorption equilibrium isotherms Cr-Diaion CR11 at two different tem-
eratures: (a) resin in the H+ form; (b) resin in the Na+ form.
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Table 3
Sorption isotherm parameters for Diaion CR 11 resin

Ionic form Parameters

qmax (mg/gwet resin) KL (l/mg) KL0 (l/mg) �H (kJ/mol)

H+ 5.02 at 25 ◦C 0.130 at 25 ◦C 1.12 × 10−6 −28.9
11.5 at 50 ◦C 0.053 at 50 ◦C

Na+ 24.7 at 25 ◦C 0.207 at 25 ◦C 1.03 × 10−10 −53.1
30.6 at 50 ◦C 0.039 at 50 ◦C

Table 4
Differences between the initial and final pH for Diaion CR11 experiments

Ionic form Temperature (◦C) �pHa

Ci = 100 mg/l Ci = 400 mg/l Ci = 600 mg/l Ci = 800 mg/l

H+ 25 −1.044 −0.969 −0.897 −0.841
50 −1.017 −1.142 −1.094 −1.097
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the uptake of chromium was greatly reduced due to the interfer-
ence of other species in solution. This suggests that the effluent
should be previously treated in order to reduce the concentration
of metals such as sodium and calcium.
a 25 5.649
50 6.579

a �pH = (pH)final − (pH)initial.

etween the metal and the functional groups of the resin changes
ith the temperature.
The Langmuir model, previously indicated in Eq. (1),

n which the temperature effect follows the Arrhenius law,
L = KL0 exp(−�H/RT), fits well the experimental data. The
arameter values estimated are shown in Table 3. The negative
alues of �H (heat adsorption) indicate the exothermic nature
f the process.

We have already referred that the change of the ionic form
rom H+ to Na+ increases the amount of adsorbed chromium
er unit of mass of resin. This effect can be verified by the
pH values listed in Table 4. In fact, when the resin is in

he hydrogen form the pH decreases during the experience,
hile with the resin in the sodium form the pH increases.

t is worth mention that at low pH, an excess of hydrogen
ons can compete for the active sites, resulting in a lower per-
entage of Cr uptake. On the other hand, when the resin is
onverted to the Na+ form higher values of pH are measured
n the solution and this may be a disadvantage in the pres-
nce of other metals, such the copper, which may precipitate as
ydroxides.

.3.2. Amberlite IRC86
The equilibrium experiments using Amberlite IRC86 in the

a+ form were performed at 25 ◦C. Two different effluents
ere tested: a synthetic chromium solution and an indus-

rial effluent referred as sample S1, being the results given in
ig. 3.

From Fig. 3(a) it can be concluded that this resin has
igh adsorption capacity for chromium than the Diaion CR11
Fig. 2(b)), and taking into account the shape of the isotherm
he adsorption equilibrium can be considered almost irre-

ersible. The Langmuir isotherm fits well the experimental data,
nd the parameters for this case are: qmax = 31.7 mg/gres and
L = 1.91 × 10−1 l/mg. In Fig. 3(b) it can be seen that in the
ase of the industrial effluent the isotherm is unfavourable and

F
e

1.714 1.434 1.019
1.141 0.749 0.292
ig. 3. Adsorption equilibrium isotherms Cr-Amberlite IRC86: (a) synthetic
ffluent; (b) industrial effluent.
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electroplating waste water using a strong-acid resin, Separ. Purif. Technol.
ig. 4. Normalized concentration of chromium and copper at the column outlet
s function of time.

.4. Column experiment

A preliminary experiment in column was performed by using
he Amberlite IRC86 for treating a synthetic solution containing
hromium and copper, and the results are shown in Fig. 4. The
hromium and copper concentrations were similar to those mea-
ured in the industrial effluent, which was previously referred
s sample S1. In this figure, C and C0 represent the concentra-
ion of the metal at the column exit and the feed concentration,
espectively.

The complete saturation of the resin was achieved for a time
pproximately of 135 min for both metals. It can be also observed
hat the breakthrough curve for copper emerges almost at the
ame time as the one for chromium, and thus the resin has low
electivity. The sigmoid shape of the curves seems to indicate
hat the exchange process is controlled by the diffusion into the
article of resin.

.5. Regeneration behaviour of the resins

In applications of cycling fixed bed operations at large scale,
crucial step of the process is the regeneration. In our study,

he regeneration step was made with a solution of 1 M NaOH
nd 0.15 M H2O2, and in both cases one may conclude that is
ossible to regenerate the resins. However, future experiments
hould be conduced in order to optimize this important phase of
on exchange processes.

. Conclusions

The main goal of this study was the assessment of the per-
ormance of two commercial ion exchange resins, in order to
ecover the chromium from industrial effluents. The tested resins
ere the Diaion CR11 and the Amberlite IRC86, and the exper-

mental results showed that both are effective in the removal of

hromium trivalent from aqueous solutions. The chelating resin
iaion CR11 in the Na+ form at 50 ◦C exhibited higher sorption

apacity, and the experimental data were well fitted by the Lang-
uir model. In the experiments performed with the synthetic

[

us Materials 144 (2007) 634–638

nd the industrial effluent using the Amberlite IRC86 resin, the
nterference of other ions was well noted. Therefore, aiming the
ecovery of chromium from industrial effluents a pre-treatment
hould be made.

Regarding the resins regeneration, it can be concluded that
oth can be regenerated with a solution of 1 M NaOH and
.15 M H2O2 but this is a subject to be approached in further
tudies.

Taking into account the overall results, one may state that
he chelating resin (Diaion CR11) seems to be promising in the
reatment of wastewater from electroplating industry.
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[7] S. Yalçin, R. Apak, J. Hizal, H. Afşar, Recovery of copper (II) and chromium
(III,VI) from electro-plating industry wastewater by ion exchange, Separ.
Sci. Technol. 36 (10) (2001) 2181–2196.

[8] S. Rengaraj, C.K. Joo, Y. Kim, J. Yi, Kinetics of removal of chromium from
water and electronic process wastewater by ion exchange resins: 1200H,
1500H and IRN97H, J. Hazard. Mater. B102 (2003) 257–275.

[9] F. Gode, E. Pehlivan, A comparative study of two chelating ion-exchange
resins for the removal of chromium (III) from aqueous solution, J. Hazard.
Mater. B100 (2003) 231–243.
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