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Abstract

Trivalent and hexavalent chromium have been successfully separated and estimated from different solutions using 1-(3,4-
dihydroxybenzaldehyde)-2-acetylpyridiniumchloride hydrazone (DAPCH) loaded on Duolite C20 in batch and column modes. The obtained
modified resin [DAPCH-Duolite C20] was identified by C, H and N analyses and infrared spectra. The presence of multi-active chelating sites
gives the ability for DAPCH to bind more chromium, Cr(III) by forming stable complex and chromate by forming ion pair molecule [H2DAPCH-
Duolite C20]2+[Cr2O7]2− (H2DAPCH-Duolite C20 is the protonated form in acidic medium). The extraction isotherms were measured at different
pH. The pH was found to be the backbone for the separation procedure in which the Cr(VI) and Cr(III) ions are sorbed selectively from aqueous
solution at pH 2 and 6, respectively. The sorbed ions can be eluted using different concentrations of HCl. The saturation sorption capacity (41.6
and 20.05 mg g−1), the preconcentration factor (150 and 200) and the detection limit (13.3 and 10.0 ppb) were calculated for Cr(III) and (VI). The
loaded resin can be regenerated for at least 50 cycles. The utility of the modified resin was tested in aqueous samples and shows R.S.D. value of

<4% reflecting its accuracy and reproducibility.
© 2008 Elsevier B.V. All rights reserved.
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. Introduction

Chromium, especially Cr(VI), is important in environmental
amples and must be preconcentrated for precise determination.
hromium is usually found in oxidation states III and VI and
xists in environment as a result of the discharge of steel, elec-
roplating, tanning industries and in tap water supply systems
1,2].

The physiological effect of chromium on the biological sys-
ems depends on its oxidation states. Cr(III) is essential in

ammals for the maintenance of glucose, lipid and protein
etabolism, whereas Cr(VI) is toxic [1,3–5] because of its abil-

ty to oxidize other species and its adverse impact on lung, liver
nd kidney. Owing to these effects, accurate determination of

oth species is essential. Due to the different properties and tox-
city of the chemical forms of chromium, a great number of
peciation methods have been performed [6].
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The direct determination of chromium in water was car-
ied out by analytical methods such as inductively coupled
lasma-atomic emission spectrometry [7] or electrothermal
tomic absorption spectrometry [8]. Various separation and
reconcentration methods such as liquid–liquid extraction [9],
oprecipitation [10,11] and solid-phase extraction [12,13] have
een developed. Ion-exchange separation and preconcentration
over ca. 24% of all pretreatments employed for the specia-
ion analysis of chromium [3]. The sorption of Cr(VI) has been
chieved using column filled with melamine–formaldehyde
14], melamine–urea–formaldehyde [15], sodium dodecyl
ulfate-coated alumina [16], C18-bonded silica reversed-phase
orbent with DDC [17] and Amberlite XAD-2010 [18]. On
he other hand, Cr(III) may be sorbed selectively using
olyaminophosphonic acid [19], quinolin-8-ol or imminodiac-
tate [20] and quinolin-8-ol complexed macroporous resin [21].
-Naphthol-3,6-disulfonic acid [22] and azophenylcarboxy-

ate [23] functionalized polystyrene–divinylbenzene copolymer
esins were reported to sorb Cr(III) and (IV) at different pH.
ach method has many advantages but in general the time

ength of preparation, the lower sorption capacity and the use

mailto:aelasmy@yahoo.com
dx.doi.org/10.1016/j.jhazmat.2008.01.057
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f expensive organic reagents [14–22] are the common disad-
antages. The use of modified ion-exchange resins in separation
nd/or preconcentration solved these difficulties, but suffers
rom the presence of electrolytes [23]. In the present work, trial
o overcome the above disadvantages by investigating the ability
f Duolite C20 modified with 1-(3,4-dihydroxybenzaldehyde)-
-acetylpyridinium-chloride hydrazone (DAPCH) for the
peciation of Cr(III) and (VI) from different media for
recise determination of the two ions individually was
one.

. Experimental

.1. Reagents and solutions

All chemicals were of analytical reagent grade and obtained
rom E Merck. Stock solutions (1 mg ml−1) of Cr(VI) and Cr(III)
ere prepared by dissolving K2Cr2O7 and CrCl3.6H2O in 0.5 M
Cl and distilled water, respectively. The colorimetric reagent
iphenylcarbazide (DPC) was freshly prepared by dissolving
.25 g in 99 ml acetone + 1 ml conc. H2SO4, and kept in a dark
ottle. The pH adjustment was made with HCl and CH3COONa
0.2 M). HCl (up to 4 mol l−1) was used as eluent. An aqueous
olution of 5% (v/v) H2O2, prepared daily, was used as oxidant.
irard’s reagent P (GP), NaCl and 3,4-dihydroxybenzaldehyde
ere purchased from Aldrich, Duolite C20 (Rohm and Hass
o.), HCl, NaOH and the other reagents were analytical grade

BDH). The glasswares were cleaned by soaking overnight in
queous HNO3 (1:1) and then rinsing with distilled water several
imes.

.2. Equipment

A PerkinElmer atomic absorption Spectrometer model 2380
USA) was used. The IR spectra were carried out using Matt-
on 5000 FTIR spectrophotometer (4000–400 cm−1) as KBr
isk. The spectrophotometric measurements were performed on
UV2 Unicam UV/vis spectrophotometer using 1 cm quartz

ell. The pH values were measured using a pH-meter (Hanna
nstruments, 8519, Italy) with accuracy of ±0.01 and standard-
zed at 25 ◦C. The pH-metric titrations were performed using a

etrohm E536 potentiograph equipped with a 665 DOSIMAT
Metrohm, Herisau, Switzerland). The combined glass electrode
as standardized using buffer solutions produced by Fisher’s,
J, USA.

.3. Preparation of DAPCH

1-(3,4-Dihydroxybenzaldehyde)-2-
cetylpyridiniumchloride hydrazone was prepared as previously
eported [24] by heating under reflux 5 g of GP with 3.7 g
,4-dihydroxybenzaldehyde in 10 ml absolute ethanol and

ew drops of glacial acetic acid on a water bath for 4 h till
ellow precipitate, filtered off, recrystallized from ethanol and
ried in a vacuum desiccator over anhydrous CaCl2, m.p.,
81–282 ◦C.

fi
w
e
m

Scheme 1. DAPCH-Duolite C20.

.4. Preparation of modified resin (DAPCH-Duolite C20)

In a bottle flask, introduce 1 g of Duolite C20 and 10 ml por-
ion of 10−3 M DAPCH in bidistilled water and mechanically stir
he mixture at 80 ◦C for 10 min. The mother liquor is decantated,
eplaced by another 10 ml of DAPCH solution and the process is
epeated until saturation. The progress of the reaction is followed
y taking 1 ml of the filtrate with buffer (pH 10) and measur-
ng the intensity of the produced yellow color at 365 nm (the
bsorbance value is taken as a criterion for complete loading).
he modified resin (Scheme 1) is filtered off, rinsed several times
ith bidistilled water, dried and stored. The amount of DAPCH

orbed on Duolite C20 is 1.04 mmol g−1.

.5. pH-metric titrations

All pH titrations were carried out at 25 ± 2 ◦C. The following
olutions were titrated against 0.0052 M NaOH at ionic strength
0.1 M KCl):

(a) 1 ml of KCl + 2.5 ml HCl (0.0135 M).
b) 1 ml of KCl + 2.5 ml HCl (0.0135 M) + 50 mg DAPCH-

Duolite C20.
(c) 1 ml of KCl + 2.5 ml HCl (0.0135 M) + 50 mg DAPCH-

Duolite C20 + 1 ml Cr(III) [1 × 10−3 M].
d) 1 ml of KCl + 2.5 ml HCl (0.0135 M) + 50 mg DAPCH-

Duolite C20 + 1 ml Cr(VI) [1 × 10−3 M].

The volume was completed to 25 ml with bidistilled H2O,
tirred and the pH was recorded.

.6. Separation procedures

.6.1. Batch method
In a 250 ml glass-stoppered bottle, 100 ml solution contain-

ng 50 �g ml−1 of Cr(III) and/or Cr(VI) ions were taken. After
djusting the pH to the optimum value, 100 mg of the modi-

ed resin was added. The mixture was shaken for 1 h, filtered,
ashed with bidistilled water and the sorbed metal ion was

luted with 5 ml of the suitable concentration of HCl and deter-
ined spectrophotometrically [25]. To confirm the results, 1 ml
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3.1.1.1. Effect of pH. The sorption of Cr(III) and Cr(VI) ions
has been investigated at interval pH (1–8) by batch equilibrium
technique. The experiments were elaborated by shaking the solu-
tions containing the metal ion with the modified resin at variable
72 M.M. Hassanien et al. / Journal of H

f the desorbed solution was completed to 100 ml bidistilled
ater and the metal ion was determined by FAAS.

.6.2. Column method
DAPCH-Duolite C20 (500 mg) was firstly swollen for 24 h,

acked in a glass column (40 mm length and 6 mm diameter),
reated with 20 ml (1 M) HCl at the optimum flow rate and
ashed with bidistilled water to become acid free. The metal

on (100 ml of 100 �g ml−1) at the optimum pH was passed
hrough the column at the optimum flow rate. The column was
hen washed with 100 ml bidistilled water to remove any uncom-
lexed metal ions from the resin bed. The metal ion was stripped
rom the resin using HCl, collected in a 100 ml calibrated flask
nd determined.

.7. Oxidation of Cr(III) and determination of the total
hromium

The spectrophotometric method with DPC was used to deter-
ine Cr(VI). Oxidation of Cr(III) to Cr(VI) may be carried out

y the following two methods:

(i) Using H2O2 in basic medium [18] as: after adjusting the
solution to pH 10, 10 ml of 3% H2O2 was added and heated
for 50 min to complete oxidation and excess H2O2 was
removed, and then the total chromium was determined.

ii) Using (NH4)2S2O8 in acidic medium as: to 5 ml of the
solution containing metal ions, (NH4)2S2O8 and AgNO3
crystals were added and heated for boiling and finally the
total chromium was measured [25].

he spectrophotometric measurement for chromium was con-
rmed by FAAS. The content of Cr(III) is calculated by the
ifference.

. Results and discussion

The Cr-DAPCH reaction on the resin was confirmed by IR
pectra. The bands of ν(C O) and ν(C N) were shifted to lower
avenumbers with lower intensity in the IR spectrum of the
r(III) complex and not changed in Cr(VI) complex indicating

hat the hydrazone carbonyl and azomethine groups are taking
art in coordination with Cr(III) only. The broad band centered at
540 cm−1, assigned to phenolic OH, decreased in intensity and
hifted to lower wavenumber by 10–15 cm−1 in both complexes
ndicating that the phenolic OH is altered during the complex
ormation.

The pH-titration curves (Fig. 1) for HCl, modified resin and
odified resin with Cr(III) and with Cr(VI) ions were taken as
nother support for the complex formation. It is shown that the
urves of the modified resin with the metal ions are different from
hat of the modified resin alone which is taken as an evidence
or the sorption of metal ions. The curve of Cr(VI) begins at pH
igher than Cr(III) supporting the protonation of the phenolic
ydroxyl groups.

F
r

ig. 1. The pH-metric titrations of HCl, HCl + resin, HCl + resin + Cr(III) and
Cl + resin + Cr(VI) against 0.0052 mol l−1 NaOH.

.1. Preliminary investigations

Batch and column preliminary experiments were carried out
o investigate the quantitative sorption of the studied metal ions
y Duolite C20 and DAPCH-Duolite C20. It was found that,
uolite C20 has no tendency for sorption of Cr(III) or Cr(VI)

ons. On the other hand, DAPCH-Duolite C20 is efficient due
o the strong interaction between Cr ions and the functional
roups in the loaded hydrazone via complexation. The analyt-
cal variables have been studied through the batch and column
echniques.

.1.1. Batch technique
ig. 2. Effect of pH on the recovery of Cr(III) and Cr(VI) ions using 100 mg
esin; stirring time 30 min for Cr(VI) and 45 min for Cr(III) at 25 ◦C.
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noticed that, the hydrazone moiety on the resin dissociates at
pH > 9 and the dissociation increases with the pH.

The sorption capacity of the modified resin was subjected to
several cycles of sorption and desorption. The resin (100 mg)
M.M. Hassanien et al. / Journal of H

H for sufficient equilibrium time. Fig. 2 shows that the maxi-
um sorption efficiency of DAPCH-Duolite C20 for Cr(VI) and
r(III) ions was achieved at pH 2.0–2.5 and 6–7, respectively.
or subsequent experiments, the working medium is adjusted at
H 6.0 for Cr(III) and 2.0 for Cr(VI). It is suggested that the sorp-
ion of chromium ions on the resin proceeds with participation of
ts hydroxyl groups. At higher pH, the hydroxyl groups become
eprotonated and tend to attract the cation (Cr3+). In contrast, the
ositive charges (appear on the protonated hydroxyl groups) at
ow pH have the ability to sorb anions [Cr2O7

2−]. This behavior
ndicates the possibility of separation of each species individu-
lly by controlling the pH. The sorption of only Cr(III) [26,27] or
nly Cr(VI) [28,29] were reported and the total chromium con-
ent was estimated either by reduction of Cr(VI) or oxidation of
r(III).

.1.2. Sorption capacity
The maximum capacity of the modified resin for sorption

f Cr(III) and/or Cr(VI) ions was determined by shaking the
olution containing excess ions with 100 mg of the resin under
ptimum conditions. The values are 41.6 and 25.05 mg g−1 for
r(III) and Cr(VI) ions, respectively. The higher capacity of
r(III) may be due to its existence as Cr3+ (small size) where
r(VI) exists as Cr2O7

2− (large size). Also, the IR spectral data
upport the coordination of DAPCH on the resin with two Cr(III)
ons.

.1.3. Amount of resin
The recovery of the metal ions was affected by the amount

f the resin. To show its effect on the quantitative sorption of
r(III) and Cr(VI), 25–500 mg of the resin were used. The recov-
ry reached maximum at 50–200 mg. Thus, 100 mg of the resin
as been used for subsequent experiments. Quantitative sorp-
ion is inaccurate for amount less than 50 mg. On the other
and, amount over 200 mg prevents the elution of the quanti-
ative sorbed metal ion by a small volume of eluent. For this
eason, the amount must be optimized.

.1.4. Sorption kinetics of metal ions
The sorption rate curves (Fig. 3) of the resin towards Cr(III)

nd Cr(VI) were obtained by plotting the recovery (%) against
he allowed sorption time. It shows that the t1/2 at 50% recovery
or Cr(VI) and Cr(III) is 10 and 25 min, respectively. The sorp-
ion rate constants (k) were calculated using Brykina equation
23]:

ln(1 − F ) = kt, F = Qt

Q

here Qt and Q are the sorption amounts at time t and at equi-
ibrium, respectively. Putting the value of Q at t1/2 in the above
quation, the calculated sorption rate constants (k) are found
o be 6.54 × 10−2 min−1 for Cr(VI) and 4.66 × 10−3 min−1 for
r(III) at pH 2 and 6, respectively.
.1.5. Effect of temperature
Temperature affects the equilibrium as well as the sorption of

he metal ions. The sorption of Cr(III) and Cr(VI) ions was inves-

F
1
C

ig. 3. Effect of stirring time on the recovery of Cr(III) and Cr(VI) ions using
00 mg resin at 25 ◦C.

igated over a temperature range of 20–60 ◦C, which reflects the
aboratory conditions. In general, the sorption capacity and the
ate of sorption increase with increasing temperature (Fig. 4).
he study was carried out at time 20 min for Cr(VI) and 30 min

or Cr(III) at which the recovery is not maximum and the system
s not in equilibrium. At maximum recovery, the temperature has
o effect.

.1.6. Resin stability and reusability
The modified resin (100 mg) was shaken with 100 ml of HCl

ith different concentrations (1–6) or 1 M of NaCl, KCl or
aNO3 and/or organic solvents (ethanol, acetone and chloro-

orm) for 24 h, filtered, washed with bidistilled water and air
ried. It was found that, no change in the sorption capacity of
he resin reflect a stable nature of the modified resin. It was
ig. 4. Effect of temperature on the recovery of Cr(III) and Cr(VI) ion using
00 mg of the resin at pH 6 for Cr(III) and 2 for Cr(VI); stirring time 20 min for
r(VI) and 30 min for Cr(III).
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Table 1
Effect of eluent (5 ml) on the recovery (%) of Cr(III)) and Cr(VI) ion from
modified resin after separation of Cr(III) at pH 6 and Cr(VI) at pH 2

HCl (mol l−1) Recovery (%)

Cr(III) Cr(VI)

0.1 100 ND
0.2 100 ND
0.5 100 16
1 40
1.5 56
2 78
3
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Table 2
Influence of some ions on the recovery of Cr(III) and/or Cr(VI) on the resin by
repeating the experiment three times (v = 50 ml)

Ions Concentration (mg l−1) Recovery (%)a

Na+ 1000 97 ± 2b

K+ 1000 95 ± 3
Ca2+ 1000 96 ± 2
Mg2+ 1000 95 ± 3
Cl− 1000 97 ± 2
PO4

3− 1000 94 ± 4
SO4

2− 500 96 ± 2
NO3− 500 95 ± 4
Cu2+, Ni2+, Cd2+, Co2+,

Pb2+, Zn2+, Mn2+
10 96 ± 2

Fe3+ c 25 97 ± 2
Mixedd 93 ± 4

a Mean + R.S.D (relative standard deviation) which is equal to s × 100/X where
X is the experimental average and s is the standard deviation.
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3.2.3. Column reuse
To test the long-term stability of the column containing the

modified resin, successive sorption and elution cycles were car-
100
100

as stirred with 100 ml of 25 mg l−1 solution containing Cr(III)
nd Cr(VI) ions for 1 h at room temperature. The concentration
f the metal ion was determined after elution with 5 ml of appro-
riate concentration of HCl. Less than 3% decrease in sorption
apacity for Cr(III) and Cr(VI) ions was found indicating that
he modified resin is highly stable and may be used for sev-
ral times. The modified resin when stored for 6 months under
he laboratory conditions was found to have the same sorption
apacity.

.1.7. Choice of eluent
The effective eluent for the quantitative stripping of the

etained metal ions on the resin is greatly selected. The metal
orbed can be eluted with acids or complexing agents such as
odium tartarate and EDTA. It was shown that the presence of
complex containing the analyte may cause severe suppression
f the analyte signal. So the use of acid solution is analytically
referred. The data obtained (Table 1) indicate that Cr(III) is
luted with 5 ml of 0.1 M HCl while Cr(VI) with 5 ml of 3.0 M
Cl. Elution of the metal ions with HCl has the advantage that,

hloride ion is an acceptable matrix for the spectrophotometric
nd AAS techniques.

.1.8. Effect of diverse ions
In order to assess the possible analytical applications of the

ecommended procedure, the effect of some foreign ions was
xamined. For this study, 25 �g Cr(VI) was taken with differ-
nt amounts of foreign ions and the recommended procedure
batch) was followed. The results (Table 2) show no effect on
he recovery of Cr(VI) in the presence of sodium, magnesium,
alcium, potassium, chloride, sulphate, phosphate, nitrate and
arious metal ions.

.2. Column technique

.2.1. Effect of flow rate
The sorption of metal ions was investigated at different flow

ates (0.5–10 ml min−1) under the optimum conditions. The

aximum capacity of Cr(III) and Cr(VI) was found at flow rate

f 2 and 5 ml min−1, respectively (less than 2 ml min−1 gave
ong time). However, at flow rate >2 ml min−1, Cr(III) ions do
ot reach equilibrium. The faster sorption of Cr(VI) ion with the

F
2

b The values mean both of Cr(III) and Cr(VI)
c In the presence of fluoride.
d The solution containing ions in this table together.

odified resin is taken as an indication for its higher reactivity
ith the resin.

.2.2. Breakthrough capacity
To evaluate the amount of metal ion sorbed per gram on the

odified resin under the optimum conditions, a breakthrough
apacity is operated. The column was packed with 0.5 g of the
odified resin and 50 �g ml−1 of Cr(III) or Cr(VI) at the opti-
al pH and flow rate. The receiving effluent after 5 min was

ractionalized into 5 ml portions and in each the metal ion was
etermined. The breakthrough capacity (Fig. 5) indicates that,
he column is saturated with 42.5 and 25.0 mg g−1 of Cr(III) and
r(VI) ions, respectively.
ig. 5. Breakthrough curves for Cr(III) and Cr(VI) ions with flow rate
ml min−1 at 25 ◦C and pH 6 for Cr(III) and 2 for Cr(VI).
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Table 3
Determination of Cr(III) at pH 2 and Cr(VI) at pH 6 in synthetic mixtures, volume = 100 ml after separation using column technique

Analyte added (�g ml−1) Analyte found (�g ml−1) Recovery (%) R ± ts/n1/2a

Cr(VI) Cr(III) Cr(VI) Cr(III) Cr(VI) Cr(III)

0.5 0.5 0.49 0.50 98 ± 1 100 ± 1
1.0 1.0 1.00 0.99 100 ± 1 99 ± 1
1 1
2 0
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.5 1.5 1.48

.0 1.0 1.89

a Mean and R.S.D.

ied out by passing the metal solution through the column at the
ptimum flow rate. The sorbed metal ion is then eluted from
he resin with different concentrations of HCl. The procedure
as carried out several times and the stability of the column
as assessed by monitoring the change in the recoveries of the

orbed metal ions. The results of 50 sorption/desorption cycles
ndicated that, the recovery decreased by 2–3% for Cr(III) and
r(VI) ions, which reflect good stability of the modified resin.

.2.4. Effect of volume and preconcentration factor
Aqueous solutions (0.1–1.5 l) containing 10 �g of Cr(III)

nd Cr(VI) ions were passed through the modified resin bed,
luted with 5 ml of the appropriate concentration of HCl and
etermined. It was found that, Cr(III) ion could be removed
uantitatively from volume up to 750 ml while Cr(VI) ion up
o 1000 ml, then the recovery decreased remarkably. Therefore,
n using 5 ml of appropriate concentration of HCl as eluent, the
reconcentration factor is 150-fold for Cr(III) and 200-fold for
r(VI).

.2.5. Detection limits of the metal ions
The lowest concentration of metal ion below which its quan-

itative sorption by the modified resin is not perceptibly seen is
alled detection limit. It was investigated for Cr(III) and Cr(VI)
ons at 10−1 to 10−3 �g ml−1 passed through the resin bed
t a suitable flow rate for each metal ion under investigation.
he limit of detection (LOD) is 13.3 and 10.0 ppb for Cr(III)
nd Cr(VI) ions, respectively, showing high sensitivity of the
odified resin in preconcentrating trace analyte.

.3. Applications
.3.1. Speciation of Cr(III) and (VI)
Different concentrations of Cr(III) and Cr(VI) were prepared.

ample containing 100 ml of these solutions was precon-

m
d
i
m

able 4
etermination of Cr(VI) and Cr(III) in tap water (water sample + different additives o

nalyte added (�g) Analyte found (�g)

r(III) Cr(VI) Total Cr(III) Cr(VI)

– – – 1.0 0.5
0 4 14 10.8 4.4
4 10 14 4.9 10.3
0 10 20 10.8 10.4
3 7 10 4.0 7.3

a Mean and R.S.D. of five determinations.
.50 99 ± 2 100 ± 1

.99 99 ± 2 99 ± 1

entrated using column technique and determined by the
ecommended procedure. The experimental data presented in
able 3 gave satisfactory results.

.3.2. Speciation of chromium from water samples
The introduced method was applied to the speciation of

r(III) and Cr(VI) in tap water sample collected from Man-
oura city, Dakahlia. The Cr(III), Cr(VI) and total chromium
ere determined in spiked and unspiked tap water. For this pur-
ose, different amounts of Cr(VI) and Cr(III) were added to the
ample and the proposed method (column) was applied. The
btained results were given in Table 4. As can be seen, the
ethod could be applied successfully for the separation, pre-

oncentration and speciation of trace amount of chromium in
ap water samples. The accuracy of the results was quite satis-
actory. Relative error is less than 3% for Cr(VI), Cr(III) and the
otal chromium.

.3.2.1. Analyses of the wastewaters containing chromium. A
ample of alum obtained from undesirable materials of company
or production of alum was taken. One gram of the sample is
issolved in 100 ml of distilled water. The Cr(III) concentration
as estimated as previously described (column). After oxidation
f Cr(III) to Cr(VI) with hydrogen peroxide in NaOH, the total
mount of Cr(VI) was determined. The solution was found to
ontain 0.0035 g Cr(III) g−1 alum. The values were compared
ith FAAS results.
Another sample is taken from ceramic industry wastew-

ter. The sample was diluted to the appropriate range of
oncentration with distilled water. The pH of the solution
as adjusted to 2.0 with HCl, and the Cr(III) ion was deter-

ined applying the recommended procedure. The results of the

eveloped method gave 0.0078 g Cr(III) g−1 ceramic, reflect-
ng a good tool for separation of chromium from different

edia.

f the analytes), volume = 100 ml after separation using column technique

Recovery (%) aR ± R.S.D.

Total Cr(III) Cr(VI) Total

1.5 – – –
15.2 98.0 ± 1 97.5 ± 2 97.8 ± 2
15.2 97.5 ± 2 98.0 ± 1 97.8 ± 2
21.2 98.0 ± 2 99.0 ± 1 98.5 ± 1
11.3 100 ± 1 97.2 ± 2 98.0 ± 2
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. Conclusion

A new modified resin is introduced for speciation of Cr(III)
nd Cr(VI). The method evaluated is simple, fast and easily
pplied for separation and determination of the two cations
electively and individually. Cr(III) is separated at pH 6 and
luted with 5 ml of 0.1 M HCl while Cr(VI) at pH 2 and eluted
ith 5 ml of 3.0 M HCl using 100 mg of the modified resin with

tirring time of 45 and 30 min, respectively. The advantages of
he modified resin are: (i) the sorbent is highly stable (ii) it is
sed for several times with the same sorption capacity (iii) it
as higher preconcentration factor and low detection limit and
iv) it is applied successfully for determination of chromium in
ap water, synthetic mixtures and real materials using column
echnique.
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29] M. Doğutan, H. Filik, İ. Tor, Preconcentration and speciation of chromium
using a melamine based polymeric sequestering succinic acid resin: its
application for Cr(VI) and Cr(III) determination in wastewater, Talanta 59
(2003) 1053.


	A novel method for speciation of Cr(III) and Cr(VI) and individual determination using Duolite C20 modified with active hydrazone
	Introduction
	Experimental
	Reagents and solutions
	Equipment
	Preparation of DAPCH
	Preparation of modified resin (DAPCH-Duolite C20)
	pH-metric titrations
	Separation procedures
	Batch method
	Column method

	Oxidation of Cr(III) and determination of the total chromium

	Results and discussion
	Preliminary investigations
	Batch technique
	Effect of pH

	Sorption capacity
	Amount of resin
	Sorption kinetics of metal ions
	Effect of temperature
	Resin stability and reusability
	Choice of eluent
	Effect of diverse ions

	Column technique
	Effect of flow rate
	Breakthrough capacity
	Column reuse
	Effect of volume and preconcentration factor
	Detection limits of the metal ions

	Applications
	Speciation of Cr(III) and (VI)
	Speciation of chromium from water samples
	Analyses of the wastewaters containing chromium



	Conclusion
	References


