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Batch sorption experiments were carried out for the removal of chromium (VI) ions from aqueous solutions
using the Romanian sphagnum moss peat. Similar to many biomaterials, peat removes Cr (VI) by a
mechanism of “sorption-coupled reduction”, involving both the sorption, in acidic media, of the
hydrochromate anion on the peat surface and the reduction, in the solution, of toxic Cr (VI) to less toxic Cr
(III). Reduction and sorption processes were investigated as a function of the initial pH of the solution, peat
dose, metal ion concentration and contact time. Removal of Cr (VI) is enhanced by lower pH values (pH =
1-2), while a peat dose of 8 g/L assures an almost complete removal of Cr (VI) from solutions with an initial
concentration of 50 mg/L. The experimental results point out the potential of sphagnum moss peat, an

available natural material, in removing Cr (VI) from wastewater.
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INTRODUCTION
The extensive use of chromium in several
industrial activities - including

electroplating, leather tanning, electric-
power production, pulp production, paint and
pigment manufacturing, and ore and
petroleum  refining — has produced
significant quantities of chromium wastes,
which can generate a considerable pollution
of both water and soil.

In the environment, chromium exists in
two main stable oxidation states, Cr (III) and
Cr (VI), which form different ionic species.'
Depending on the pH values of the aqueous
solution, Cr (VI) may be present as
hydrochromate (HCrOy4), cromate (CrO,>)
or dichromate (Cr,0;"), and Cr (III) — as
hydrated trivalent chromium (Cr(H,0)s"")
and chromium hydroxide complexes
(Cr(OH)(H,0)s>" and Cr(OH),(H,0),"). The
toxicity of the soluble chromium species and
their mobility in aquatic and terrestrial envi-

ronments depend on their oxidation state. Cr
(VI), very mobile in the environment and
highly toxic, is carcinogenic and mutagenic
to living organisms, while Cr (III) is
considered an essential trace element, less
toxic and less mobile than Cr (VI) (at neutral
pH Cr (Ill) forming insoluble chromium
hydroxide).”” The tolerance limit for
aqueous effluents discharge into inland
waters® is of 1.0 mg/L for total chromium
(Cr (IIT) and Cr (VI)), and of 0.1 mg/L for Cr
(VD).

Several treatment technologies, such as
chemical precipitation,” ion exchange,’
solvent extraction,” membrane separation®
and adsorption,9 have been developed for the
removal of hexavalent chromium from water
and wastewaters, prior to disposal. Chemical
precipitation, the most frequently applied
method, involves the reduction of Cr (VI) to
Cr (III) and the subsequent precipitation of
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Cr (IIT) as hydroxide, sulphide or carbonate;
the process uses many chemicals, is
complicated and time consuming, has a poor
efficiency and generates large amounts of
chemical sludge. Ion exchange and activated
carbon adsorption represent available and
effective treatment methods for solutions
with medium and low concentrations (1-100
mg/L), but they are expensive, requiring
higher capital investments. The high cost of
the commercial activated carbons has
stimulated the search of cheaper alternatives
and, recently, a variety of non-conventional
and low-cost materials, such as agricultural
or industrial wastes/by-products,”'* clay
minerals,”® biomasses'*"” and pea‘t,m’17 have
been employed as sorbents for hexa- and
trivalent chromium remediation from water.
Most studies explained the removal of Cr
(VI) by biomaterials through an anionic
adsorption mechanism (the anionic Cr (VI)
species bind to the positively charged groups
of the sorbent).” Recently, Park er al.'®"
suggested that the mechanism of Cr (VI)
biosorption by natural biomaterials is an
“adsorption-coupled reduction”.

Peat is a heterogeneous mixture of more
or less decomposed plant materials
accumulated in poorly oxygenated wetlands.
The composition of peat from different
peatlands varies considerably with the
environmental  conditions  during its
formation (nature of original vegetation,
climate, water acidity) as well as with the
degree of decomposition. The major
constituents of peat, namely lignin, cellulose
and humic substances, contain structural
moieties groups, such as —OH, —COOH,
=C=0, -C—O—C—, capable of taking part in
protolytic, ion exchange and complexation
reactions with sorbed pollutant species.'” The
ability of peat to remove heavy metals such
as copper, cadmium, lead, nickel, chromium,
has been reported by several authors.'®!"2%2

In the present study, the capacity of
Romanian sphagnum moss peat to remove
chromium (VI) ions was investigated under
batch  conditions, involving  process
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parameters such as initial pH, peat dose,
chromium concentration and contact time.
The analysis of both Cr (VI) and total Cr in
the aqueous phase was used to establish the
contributions of adsorption and redox
processes in chromium removal.

EXPERIMENTAL
Materials

A commercially available sphagnum moss
peat (Poiana Stampei, Romania) was used. The
material was air-dried, grounded and sieved to 1-
2 mm particle size. The main peat characteristics
were determined according to standard methods,
the results obtained (Table 1) suggesting a peat
with a low degree of decomposition.

The stock solution of Cr (VI) (1040 mg/L)
was prepared using analytical reagent grade
potassium dichromate (K,Cr,0;) (Sigma), in
distilled water. All working solutions were
prepared by adequate dilution of the stock
solution with distilled water.

Sorption experiments

Batch sorption experiments were performed
in 250 mL conical flasks by shaking the required
amount of peat with 50 mL aqueous solutions of
Cr (VI) of a known concentration, at a constant
temperature (20 = 1 °C). The initial pH of the
solutions, adjusted to a constant value by the
addition of H,SO, diluted solutions, was
measured with a pH-meter RADELKIS OP-271
pH/Ion analyzer. After a specified contact time
period, the peat was separated by filtration and
the residual concentration of Cr (VI) in solution
was spectrophotometrically analyzed using 1,5-
diphenylcarbazide in acidic solution at A = 540
nm (UV-VIS Digital Spectrophotometer, model S
104D /WPA). To determine the total Cr
concentration, Cr (III) was first oxidized to Cr
(VI), at a high temperature, with potassium
permanganate. Cr (III) concentration was
calculated as the difference between the total Cr
and Cr (VI) concentrations.

The efficiency of Cr (VI) removal was
assessed by the residual concentrations in
chromium, C (mg/L) (total, Cr (VI) and Cr (III))
and by the removal percent, R (%) (total, sorption
and reduction).

The influence of the operating process
parameters was investigated according to the
conditions listed in Table 2.



Table 1
Characteristics of sphagnum moss peat

Properties Value
pH (1:50, w:v deionized water) 4.05 + 0.05
pHzpc 3.7
Ash content (Wt % ) 4.85
Organic matter (wt % ) 84-85
Moisture content (wt % ) 10.5-11
Cation exchange capacity (meq/g of peat)” 0.575

*determined by pH-metric titration in a 0.1 M NaCl solution

Table 2
Experimental conditions applied in Cr (VI) removal by sphagnum moss peat

Peat

Operating variable Initial Amount of peat  Concentration of Cr (VI)  Contact time
pH (g/L) (mg/L) (h)
Effect of pH 1-5.5 4 20.8 24
Effect of peat dose 2 4-20 52 24
Effect of Cr (VI)
concentration 2 4 20-100 24
Effect of contact time 2 4 52 I5min-4h
RESULTS AND DISCUSSION
Effect of solution pH (VI) are identical, and Cr (III) is not present.

It is expected that the initial solution pH
is an important controlling parameter in the
removal of Cr (VI), influencing not only
sorption (by the speciation of heavy metals
in the solution and by the surface charge of
the sorbent), but also the reduction of Cr (VI)
to Cr (III). According to the speciation
diagram’ of Cr (VI), in aqueous solutions
with pH = 1-6 and concentrations below 1
g/L, hexavalent chromium is present as the
hydrochromate anion HCrO4. The effect of
the initial pH on Cr (VI) removal was studied
on solutions of 20.8 mg Cr/L concentration,
with pH varying from 1 to 5.5. The relation
between the initial pH of the solutions and
the residual concentrations of chromium is
plotted in Figure 1.

After 24 h of phase contact, in a solution
of pH = 1, the concentration of Cr (VI) is
close to zero, the solution containing 11.3
mg Cr (III)/L; the difference up to 20.8 mg/L
corresponds to the Cr (VI) retained by
sorption on the peat surface. As the initial pH
of the solution increases up to 4, the
concentration of Cr (VI) in the solution
increases too, while the concentration of Cr
(IIT) decreases. In solutions with pH = 4-5.5,
the initial and residual concentrations of Cr

This behaviour shows”’ that both processes —
sorption and reduction - take place
simultaneously, being strongly dependent on
the solution pH.

Figure 2 presents the influence of the
initial pH value on Cr (VI) sorption and
reduction by peat. The efficiency of Cr (VI)
removal is the highest in solutions of pH = 1-
2, when about half of the initial amount of Cr
(VI) is adsorbed on peat, the other half
remaining in solution as Cr (III), which is
less toxic. Cr (VI) sorption sharply decreases
with the increase in pH from 3 to 5.5. This
behaviour may be correlated with the ionic
state of the functional groups present on the
peat surface. The obtained value of the pHzpc
(zero point charge) of the used peat was of
3.7. Below this pH value, the active sites of
peat are positively charged (oxygen is easily
protonated under acidic conditions) and
susceptible to electrostatic interactions with
the HCrO,4 anions:

Peat-OH + HCrO, + H' = Peat-OH, HCrO4 (1)

At a pH higher than the pHzpc value, the
peat surface is negatively charged, due to the
dissociation of the carboxylic groups, being
unavailable to bind HCrO, anions.
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Figure 1: Effect of initial solution pH on the
residual concentrations of Cr species: Cy= 20.8
mg/L, peat dose =4 g/L, time =24 h

Figure 2 also shows that, as the solution
pH increases (from 1 to 4), the reduction of
Cr (VI) decreases from 52 to 0%. It is
known®® that, once in contact with
biomaterials, especially in acidic solutions,
Cr (VD) can be easily or spontaneously
reduced to Cr (III). The high value of the
positive redox potential of Cr (VI) (pH =1,
E° = 1.33 V) indicates a strong oxidant,
unstable in the presence of electron donors;
the most probable reaction partners of Cr
(VI) are the humic substances from peat.”

The reduction of Cr (VI) is accompanied
by H" consumption:

HCrO, +7H" + 3¢ = Cr’" + H,0 )
and thus the initial solution pH decreases the
formal potential and the oxidizing capacity
of Cr (VI), concomitantly with decreasing Cr

(IIT)  concentration and the reduction
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Figure 3: Effect of peat dose on the residual
concentrations of Cr species: Cy = 52 mg/L, pH
=2,time=24h

Effect of initial
concentration

The influence of Cr (VI) concentration on
chromium (VI) removal from an aqueous
solution of pH = 2, using peat, is shown in

Figure 5.

chromium v

102

120
—e— Rtotal, %
100 4 —a— Sorption,%
—a— Reduction,%
80 4
& 60 |
o
40 -
20 -
0
0 1 2 3 4 5 6

Figure 2: Effect of solution pH on the removal,
reduction and sorption of Cr (VI): Cy = 20.8
mg/L, peat dose =4 g/L, time =24 h

percentage. A significant decrease of Cr
(VI) residual concentration may be noticed
with increasing the peat dose from 4 to 20
g/L (even at 8 g peat/L, Cr (VD
concentration is below the tolerance limit —
NTPA). At the same time, almost half of Cr
(VI) was reduced to the less toxic Cr (III).
This behaviour is also evident from Figure 4.
The sorption percent slightly increases with
increasing the peat dose (a larger surface
area and more sorption sites), while the
reduction percent decreases.

Effect of peat dose

The influence of the peat amount
(expressed as the ratio of sorbent mass and
solution volume) on the sorption and
reduction of Cr (VI) from a solution with an
initial concentration of 52 mg/L and pH = 2
is plotted graphically in Figure 3.
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Figure 4: Effect of peat dose on the removal,
reduction and sorption of Cr (VI): Cy = 52
mg/L, pH=2,time=24h

After a 24 h contact time, both Cr (III)
and Cr (VI) are present in the residual
solution, their concentrations having a
growing tendency with increasing the initial
Cr (VI) concentration.



However, increasing the initial pH of the
solution modifies the chromium species
distribution. Thus, at pH = 1-2, the
predominant form is Cr (III), while, at pH =
3, residual Cr is present as Cr (VI). The
increase in the initial Cr (VI) concentration
has no significant effect on the reduction
percentage (Fig. 6). At the same time, the
sorption percentage decreases, probably due
to the saturation of the accessible sorption
sites. The higher is the pH, the more intense
is the effect.

Effect of contact time

The  variation in  the  residual
concentrations of chromium species as a
function of the contact time between peat
and the solution with an initial concentration
of 52 mg Cr/L and pH = 2 is illustrated in
Figure 7.
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Figure 5: Effect of Cr (VI) initial concentration

on the residual concentrations of chromium

species: pH =2, peat dose =4 g/L, time =24 h
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Figure 7: Effect of contact time on the residual
concentrations of chromium species: pH = 2, C,
=52 mg/L, peat dose =4 g/L.

CONCLUSIONS

The removal of hexavalent chromium
from acidic solutions (pH = 1-3), by using
Romanian sphagnum moss peat, occurs by a
combined mechanism: the anionic sorption
of HCrO4 on peat and the reduction of Cr

R, %

R, %

Peat

As the contact time increases, a slow
decrease may be observed in the residual
concentration of chromium. After 4 h of
contact, the total Cr concentration was of
35.88 mg/L (the values of Cr concentration
after 24 h were of 31.34 mg/L, lower by
12.65% than those obtained after 4 h of
contact). Also, a permanent change may be
noticed in the ratio of Cr (III) and Cr (VI)
concentrations: Cr (VI) concentration
decreases (down to 9.64 mg/L after 24 h)
and, simultaneously, Cr (III) concentration
increases (up to 21.7 mg/L after 24 h). In the
first 2 h, the rate of reduction is higher than
that of sorption; after that both processes
take place at almost the same rate (Fig. 8).

This suggests that sorption is a mass
transfer process, controlled by the diffusion
of the hydrochromate anions present in the
porous structure of peat.
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Figure 6: Effect of initial Cr (VI) concentration
on removal, reduction and sorption: pH = 2,
peat dose =4 g/L, time =24 h
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Figure 8: Effect of contact time on the removal,
sorption and reduction of Cr (VI): pH =2, C, =
52 mg/L, peat dose =4 g/L

(VI) to the less toxic Cr (III). The sorption
and reduction are strongly dependent on the
solution pH; the Cr (VI) removal efficiency
is the highest in solutions of pH = 1-2. The
increase in the peat dose (over 8 g/L) assures
a complete removal of Cr (VI) from
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solutions with a concentration of 50 mg Cr/L
and pH = 2. The increase in Cr (VI)
concentration slightly decreases the sorption
percentage. Both sorption and reduction are
dependent on the contact time and the
equilibrium attained after 24 h. The results of
the present study show that Romanian
sphagnum moss peat, an available natural
and cheap material, can be used as a sorbent
and reductant for the removal of chromium
(VI) from aqueous waste solutions.
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