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Sequestration of Cr(VI) from water using the agricultural weed — Acharanthes Aspera
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Abstract

In the present study, the well known agricultural weed called Acharanthes aspera is used to
remove chromium(V1) from aqueous solution after treatment with sulphuric acid. The effect of pH,
initial concentration of metal ions, contact time, and the effect of adsorbent dose are studied in order
to find out the sorption capacity of the activated carbon using batch mode operations. The optimum
pH value for Cr(VI) adsorption is determined as 2.0. The experimental results are fitted with the
Freundlich, Langmuir and Redlich Peterson models to find out the mechanism behind the
adsorption process. The kinetic data are fitted with the Lagergren-first-order, and pseudo-second-
order. The Langmuir and Redlich-Peterson isotherm model and the pseudo-second-order kinetic
models are found better to describe the experimental data. The maximum adsorption capacity
obtained from Langmuir equation is 68.2 mg/g. From the experimental studies the activated carbon
developed from Acharanthes aspera used as for the removal of Cr(V1) from aqueous solution.
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tanneries and chrome plating industries are
found to suffer from lung cancer. Skin mucous
membrane irritation and dermatitis have been

1. Introduction
Release of large quantities of heavy metals

into the natural environment has resulted in a
number of environmental problems [1].
Chromium is one of the most toxic element and

its removal has become a serious health concern.

It is a naturally occurring element found in
rocks, animals, plants, soil and in volcanic dust
and gases. An important ore of chromium is
chromite. Although many different oxidation
states of chromium exist in the environment,
only chromium(l11) and (V1) are the most stable
ones. chromium(lll) is an essential dietary
nutrient, required to potentiate insulin for
normal glucose metabolism and helps the body
to use sugar, protein and fat efficiently.
chromium(V1) is generally considered thousand
times more toxic than chromium(lll) [2].
Chromium is used in industries like
metallurgical, chemical, refractory,
electroplating, leather tanning and textile [3,4].
These industries are the largest source of
ambient chromium in surface waters. Leaching
from top soil and rocks is the most important
natural source of chromium entry into the water
bodies. Improper disposal of solid wastes from
chromate processing is the main reason for
contamination of ground water with chromium.
Reports are available to indicate that workers in

observed among chrome workers [5,6]. Many
cases of nasal membrane inflammation, nasal
septum perforation, and chronic rhinitis have
been reported among chrome workers, who are
exposed to chromic acid dust and mist. Asthma
is often observed among chrome platters.
Dermatitis, owing to chromium pollution among
the workers causes the hands, arms and face red
and also causes swelling with intense itching.
The first case of occupational health effects
from hexavalent chromium is reported in 1827
by Cumin [7]. The recommended limit of
chromium in potable water is 0.05 mg/L [8]. So
many methods are used for the removal of toxic
metals, that includes reverse osmosis,
evaporation, ion exchange and adsorption
among which adsorption is the most promising
technique for the removal of chromium at ppm
level [9-12]. Acharanthes aspera is an
agricultural waste that is produced considerable
quantities every year in India. In the present
work, Acharanthes aspera was treated with
sulfuric acid o produce a dehydrated
carbonaceous sorbent. The capability of the
produced sorbent to remove Cr(VI) from
aqueous solution was tested and removal
mechanism was investigated.
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2. Materials and Methods
2.1. Preparation and Characterization of Sorbent

Acharanthes  aspera, collected from
Tiruchirappalli, India, is dried and the stem
portions are chopped into small pieces. The
chopped pieces are treated with concentrated
sulfuric acid (Sp.gr. 1.84) in a weight ratio of
1:0.92 (AA:acid) and the resulting black product
is kept in an air oven maintained at 160+5°C for
10 h, followed by washing with distilled water
until it is free from excess of acid and dried at
105+£5°C. The carbon adsorbent obtained is
designated as AAC. The carbon is ground and
the portion retained between 150 and 170 pum
sieves is used for the adsorption studies.

2.2. Adsorption Studies

Batch experiments was carried out by
agitating the carbon with 100 ml of Cr(VI)
solution (prepared from K,Cr,0O;) of desired
concentration at pH 2.0 and at room temperature
(32£1°C) in an orbital shaker (300 rpm). After
equilibrium was achieved, samples were
withdrawn from the shaker, centrifuged and the
supernatant solutions was analysed fro residual
Cr(VI) concentration. The total Cr(VI)
concentration was determined by oxidizing
Cr(111) to Cr(VI) using KMnO4and determining
final Cr(VI) content in the sample [13]. The
residual ~ chromium  concentration  was
determined by UV (Perkin Elmer EZ301)
spectrophotometer at 540 nm, using the
diphenyl carbazide reagent. A calibration plots
for Cr(VI) were drawn. Runs were made in
triplicate.

The effect of pH on Cr(VI) removal was
established by adjusting 60 mg/L of Cr(VI)
solutions to different pH values using dilute HCI
or NaOH and agitating each with 1.0 g/L of
AAC dose for 3 h. For the initial metal
concentration study, a concentration range of
10 — 80 mg/L of Cr(VI) was agitated with 1.0
g/L of AAC at pH 2.0 for 3 h. The kinetics of
Cr(VI1) adsorption was followed with three
different initial metal concentrations of 10, 20,
and 30 mg/L, each agitated separately with a
fixed AAC dose of 1.0 g/L for predetermined
intervals of time at pH 2.0. The effect of
adsorbent concentration was studied by
agitating 60 mg/L of Cr(VI) solutions with a
range of AAC dose, 0.1 to 1.5 g/L, after
adjusting to pH 2.0 for 3 h.

The amount of metal sorbed at time t, g; and
at equilibrium, ge was calculated from the mass
balance equation:
G =(C,-C)% @

where Cy and C; are the initial and final metal
concentrations (mg/L), respectivealy, V is the
volume of metal solution an m is the mass of the
sorbent. When t is equal to the equilibrium
contact time, C; = Ce, Qi = e, the amount of
metal adsorbed at equilibrium, g is calculated
using Eg. (1). Calculation and graphical
representations were preformed in the Microsoft
Excel™ software package. In this study, a trial-
and-error procedure, which is applicable to
computer operation, is used to compare the best-
fitting isotherms using an optimization routine
to maximize the coefficient of determination
between the experimental data and isotherms in
the solver add-in in Microsoft Excel [14].

3. Results and Discussions
3.1. Characterization of the Adsorbent

The physico-chemical characteristics of AAC
are summarized in Table 1. FT- IR (Perkin
Elmer Spectrum One model) spectrum for AAC
is shown in Fig. 1. The intense and broad
absorption band around 3409 cm ™ is assignable
to O-H stretching of hydroxyl group. As the
frequency of free OH groups is sharp and is
located above 3500 cm*, these vibrations are
associated with hydrogen bonds between the
surface O-H groups and the water molecules
adsorbed by the carbon sample [15]. The band
at 2924 cm ! denotes the presence of stretching
C—H vibrations in CH, or C=C-H group. The
peak at 1695 cm ' suggests the presence of
stretching of C=0O vibrations arising from
groups such as lactone, quinone and carboxylic
acids. The band at 1614 cm™* may be due to the
asymmetric and symmetric stretching COO™
vibrations or to skeletal C=C aromatic
vibrations. The band appearing around 1384
cm * is due to C = S stretching vibration. The
bands appearing at 1039 and 623 cm ' are
compatible with absorptions due to S=O and S—
O stretching in species such as HSO, and SO4*.
The scanning electron micrographs with 1000X
magnification revealed the surface texture and
morphology of the sorbent in Fig. 2. SEM is
widely used to study the morphological features
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and surface characteristics of the adsorbent materials.

Table 1. Characteristics of Acharanthes aspera (AAC) adsorbent

Characteristics Values Characteristics Values
Moisture content (%) 17.85 pH 5.6
Ash content (%) 6.84 Decolorising power (mg/g) 55.2
Water soluble matter (%) 1.1 BET surface area (m?/g) 150.61
Fixed carbon (%) 26.75 Bulk density (g/cm®) 0.562

Figure 1. FT-IR Spectrum of AAC
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3.2. Effect of pH

The pH of the solutions has been identified
as the most important variable governing metal
ion sorption. The effect of pH on sorption
efficiency of Cr(VI) is maximum at pH 2.0. On
increasing the pH beyond 2.0, there is a
progressive decrease in the Cr(\VI1) adsorption
by AAC. The high chromium(VI) removal at
low pH values is probably due to reduction of

450.0
cm-1
chromium(VI) to chromium(l1l) in accordance
with the following reactions taking place at low
and moderate pH values [16-18].
At low pH
Cr,0Z +14H" +6e” «—>2Cr* +7H,0
At moderate pH
HCrO; +7H" +3¢~ «——Cr® +4H,0

The predominant anionic forms at low pH
values are Cr,0,*" and HCrO,~ which have the
tendency to oxidize the adsorbent surface
thereby getting itself reduced and remains in
solution as Cr(l11). Therefore it is envisaged that
the removal of Cr(VI) is governed by both
chemical reduction [Cr(VI) to Cr(lll)] and
physico-chemical adsorption [mainly Cr(VI)]. It
is reported that Cr(l1l) adsorption is not favored
at low pH values due to larger coordination
sphere with water [19]. The tendency of the
adsorbent surface to reduce Cr(VI) to Cr(lll)
and the unfavourability of Cr(I1l) adsorption at
low pH values explains the higher Cr(VI)
removal observed where the Cr(V1) reduced to
Cr(111) is not accounted. Therefore in order to
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find out the amount of Cr(VI) that has been
reduced to Cr(lll), after performing the
adsorption experiments, one portion of the
solution is analysed for residual Cr(VI) present
in solution. This corresponds to chromium
present as Cr(VI1) in solution. Another portion
was oxidized using KMnO, and this gives the
amount of total chromium present in solution.
On subtracting these two, the amount of Cr(VI)
that has been reduced to Cr(l11) can be obtained.

3.3. Adsorption Isotherms

The distribution of solute between the liquid
phase and the sorbent is a measure of the
position of equilibrium in the sorption process
and can be generally expressed by two of the
most popular isotherm models, namely,
Freundlich [20] and Langmuir [21] isotherms

represented as Eqs. (2) and (3), in their
nonlinear forms.
q, = K.C" 2)
q,K,.C
— m a—e 3
% 1+K,C, ®)

where, Kg and n are the Freundlich constants.
and qn and K, are the Langmuir constants
representing sorption capacity (mg/g) and
energy of sorption (L/mg), respectively.

For practical design purposes in a system
operating over a wide range of concentration an
intermediate isotherm is often a more realistic
representation of the system. Therefore, in
addition to the above isotherms, one more
isotherm that combine the features of
Freundlich and Langmuir isotherms was
considered. That is: Redlich-Peterson [22]
isotherm model represented as:

g = e @)

1+ BC,

It has three isotherm constants, namely, A
(L/g), B (L/mg) and g, which characterize the
isotherm. In the above equation, constant g is
the exponent, which lies between 0 and 1. If
constant g is equal to one, the equation modifies
to the Langmuir model. If constant g is equal to
zero, then the equation changes to Henry’s law
equation. In addition, Freundlich is a special
case of the Redlich-Peterson isotherm when
constants A and B were much bigger than one
[23].

The results derived from the equilibrium
initial metal concentration study were modeled

with the isotherms discussed above. Fitted
curves of the each isotherm model with the
experimental data are shown in Fig. 3 and the
fitting sorption parameters derived for the
models are presented in Table 2. It is clear from
the Table 2 that the Langmuir and Redlich-
Peterson isotherm model gives a better fit of the
experimental data as evident from the higher r?
values obtained compared to other model.
Figure 3. Fitted Isotherm models for Cr(VI)
adsorption on AAC
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The Freundlich constant, n value obtained is
in between 1 to 10 (2.17) which indicates the
favourable adsorption of Cr(VI) on AAC [24].
The essential characteristics of Langmuir
isotherm can be expressed by a dimensionless
constant separation factor called equilibrium
parameter R_ [25] which is defined as, R. =
1/(1+K,Co) where K, is the Langmuir constant
and Cy is the initial concentration. The R, value,
indicates the type of isotherm and the values
obtained are in the range of 0.103 — 0.535,
which indicate that the adsorption of Cr(VI) on
AAC is favourable for the concentration range
studied.

3.4. Sorption Kinetics

0 5 10

The agitation time experimental results
showed a progressive increase in Cr(VI) uptake
with time for all the initial concentrations
studied. With increase in Cr(VI) concentration
from 10 to 30 mg/L, the amount of Cr(VI)
adsorbed at equilibrium time increased from
10.0 to 28.7 mg/g, indicating that the Cr(VI)
removal by adsorption on AAC is concentration
dependent. This is obvious because more
efficient utilization of the adsorption capacities
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of the adsorbent is expected due to a greater
driving force by a higher concentration gradient
pressure.

Table 2. Parameters for the fitted isotherm
models for the AAC-Cr(V1) system

Isotherm Parameters

Langmuir Om (Mg/g) 68.2
Ka (L/mg) 0.074
2 0.993

Freundlich 1/n 0.461
Ke (L/g) 9.55
2 0.975

Redlich-Peterson g 0.981
B (L/mg) 0.08
A (L/g) 5.2
2 0.993

The kinetic experimental results were fitted
with various kinetic model equations namely,
Lagergren’s pseudo-first-order and pseudo-
second-order to find out which of these models
best define the experimental data points.
Lagergren pseudo-first-order [26,27] equation
which is expressed as:

A =0 [1-exp(-kit)] 5)

Where q. and g; are the amounts of Cr(VI)
adsorbed at equilibrium and at time t in mg/g,
respectively, and k; is the pseudo-first order
rate constant (min™).

The pseudo-second-order
[28,29] is expressed as:

kinetic model

e ©)

d k. O

The initial adsorption rate is h=k,q?, then
the EqQ. (6) becomes [28,29]:
izl_i_L (7)
¢ h q

where the initial adsorption rate (h), the
equilibrium adsorption capacity (ge), and the
second order constants k, (g/mg min). The fitted
curves of these kinetic models along with the
experimental data are illustrated in Fig. 4 and
the fitted parameters of the models are presented
in Table 3.
Figure 4. Fitted kinetic model for Cr(V1) on
AAC system
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Table 3. Parameters for the fitted kinetic models for the AAC-Cr(VI) system

Co Pseudo-first order Pseudo-second order

01 ks r? Qe ko h r?
mg/L mg/g min mg/g g/mg min mg/g min
10 8.67 0.0238 0.987 11.7 0.00175 0.238 0.992
20 15.9 0.0318 0.990 19.6 0.00165 0.634 0.993
30 20.6 0.0259 0.987 25.7 0.00101 0.667 0.998

3.5. Effect of Carbon Concentration

Effect of AAC dose on Cr(VI) sorption was
studied by varying the dose from 0.1 to 1.5 g/L,
taking 60 mg/L as initial metal concentration.
The amount of Cr(VI) sorption increased with
increase in carbon dose and reached a maximum
value after a particular dose. It is apparent that
maximum removal from 60 mg/L of Cr(VI)
solution was achieved at an optimum carbon
dose of 1.0 g/L. While increasing the carbon

dose from 0.1 to 1.5 g/L, the sorption of metal
ions per unit weight of carbon decreased from
142.85 to 32.27 mg/g. There are many factors
that can contribute to this sorbent concentration
effect. The first and most important factor is that
sorption sites remain unsaturated during the
sorption reaction. This is due to the fact that as
the dose of carbon is increased, there is less
commensurate increase in sorption resulting
from the lower sorptive capacity utilization of
the carbon [30]. The second cause may be the
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aggregation/agglomeration of carbon particles at
higher concentrations, which would lead to a
decrease in the surface area and an increase in
the diffusion path length [31]. The particle
interaction at higher carbon concentration may
also help to desorb some of the loosely bound
metal ions from the sorbent surface.

3.6. Desorption Studies

Desorption studies were carried to recover
the Cr(VI) adsorbed onto adsorbent which
would help to regenerate and recycle the spent
adsorbent.  After performing  adsorption
experiment with 10 mg/L of Cr(VI) solution and
1 g/L of sorbent at the optimum pH of the
system, the spent adsorbent were washed with
distilled water to remove any unadsorbed metal
ion. The metal loaded adsorbents were then
agitated with 100 mL of 0.1 M NaOH for 1 h.
About 70 % of Cr(VI) was recovered from the
spent AAC.

4. Conclusion

The adsorption kinetics and isotherm of
Cr(VI) removal using AAC was carried out in
batch experimental system. The following
conclusions can be drawn based on the above
study. The adsorption strongly depends on the
parameters such as initial concentration of
Cr(VI), pH, carbon dose and contact time. The
rate of adsorption follows pseudo-second-order
rate equation. The spent carbon can be reused.
The Proposed sorbent is an efficient,
environment friendly and can reduce the amount
of toxic chromium ions discharged by the
industries.

Acknowledgement

The authors are grateful to Technical Quality
Improvement Programme (TEQIP) and the
Director, National Institute of Technology,
Tiruchirappalli, Tamil Nadu, India, for financial
support and fellowship. The author would like
to thank Prof. Y.S. Ho in Department of
Biotechnology, Asia University at Taiwan, for
his valuable suggestions and encouragement.

References

[1] Rowbotham AL, Levy LS, Shuker LK
(2000) chromium in the environment: an
evaluation of exposure of the UK general
population and possible adverse health

effects. Journal of Toxicology and
Environmental Health B;3:145-178.

[2] Kowalski Z (1994) Treatment of chromic
tannery wastes. J. Hazard. Mater.;37(2):137-
144.

[3] Abbas M, Nadeem R, Zafar MN, Arshad M
(2008) Biosorption of chromium(lll) and
chromium(VI1) by untreated and pretreated
Cassia fistula biomass from aqueous
solutions. Water Air Soil Pollut.;191:139-148.

[4] Ho YS, McKay G, Wase DAJ, Foster CF
(2000) Study of the sorption of divalent
metal ions on to peat. Adsorpt. Sci.
Technol.;18:639-650.

[5] Pellerin C, Booker SM (2000) Reflection on
hexavalent chromium, health hazards of an
industrial heavyweight. Environ. Health
Perspect.;108 (9):402-407.

[6] Gode F, Pehlivan E (2005) Removal of
Cr(VIl) from aqueous solution by two
Lewatitanion exchange resins. J. Hazard.
Mater.;119:175-182.

[7] Cumin W (1827) Remarks on the medicinal
properties of madar, and on the effects of
bichromate of potass on the human body.
Edinburgh Med. Surg. J.;28:295-312.

[8] WHO (1993) Guidelines for Drinking Water
Quality, Vol.1, 2" ed., World Health
Organization, Geneva: 45-55.

[9] Lotfi M, Adhoum N (2002) Modified
activated carbon for the removal of copper,
zinc, chromium and cyanide from wastewater.
Sep. Purif. Technol.;26:137-146.

[10] Babel S, Kurniawan TA (2003) Low-cost
adsorbents for heavy metals uptake from
contaminated water: a review. J. Hazard.
Mater.;97:219-243.

[11] Orhan Y, Buyukgangor H (1993) the
Removal of heavy metal by using
agricultural wastes. Water Sci.
Technol.;28:247-255.

[12] Dahbi S, Azzi M, de la Guaradia M (1999)
Removal of hexavelent chromium from
wastewaters by bone charcoal. Fresenius J.
Anal. Chem.;363:404-407.

[13] APHA (1992) Standard methods for the
examination of water and waste water 18"
ed., APHA, Washington, DC.

[14] Ho YS (2006) Isotherms for the sorption of
lead onto peat: Comparison of linear and
non-linear methods. Pol. J. Environ.
Stud.;15:81-86.

129



ARCH. ENVIRON. Sci. (2011), 5, 124-130

[15] Zawadzki J (1980) IR spectroscopic
investigation of the mechanism of oxidation
of carbonaceous films with HNO3 solution.
Carbon;18:281-285.

[16] Bajpai P, Shaman V, Ealer KG, Gupta AK
(2004) Adsorption of Cr(l11) and Cr(VI) from
aqueous solution by Bacillus cereus biomass.
Electron. J. Biotechnol.;7 (3):399-403.

[17] Sarin V, Pant KK (2006) Removal of
chromium from industrial waste by using
eucalyptus bark. Bioresour. Technol.;97:15-
20.

[18] Hamadi NK, Chem, XD, Farid MM, Lu
MGA (2001) Adsorption kinetics for the
removal chromium(VI) from aqueous
solution by adsorbents derived from used
tyres and saw dust. Chem. Eng. J.;84:95-105.

[19] Candela MP, Martinez JM, Macia RT
(1995)  Chromium(VI) removal  with
activated carbons, Water Res.;29:2174-2180.

[20] Freundlich HMF (1906) Uber die
adsorption in lésungen. Zeitschrift fir
Physikalische Chemie;57A:385-470.

[21] Langmuir | (1916) The constitution and
fundamental properties of solids and liquids.
J. Am. Chem. Soc.;38:2221-2295.

[22] Redlich O, Peterson DL (1959) A useful
adsorption isotherm. J. Phys. Chem.;63:1024.

[23] Ho YS (2004) Selection of optimum
sorption isotherm. Carbon;42:2115-2116.

[24] Treybal RE (1980) Mass Transfer
Operations, McGraw Hill Publishers, New
York.

[25] Hall KR, Eagleton LC, Acrivos A,
Vermeulen T (1966) Pore and solid diffusion
kinetics in fixed bed adsorption under
constant pattern conditions. Ind. Eng. Chem.
Fundam.;5:212-2109.

[26] Lagergren S (1898) Zur theorie der
sogenannten adsorption geloster stoffe. K.
Sven. Vetenskapsakad. Handl.;24(4):1-39.

[27] Ho Y'S (2004) Citation review of Lagergren
Kinetic rate equation on adsorption reactions.
Scientometrics;59(1):171-177.

[28] Ho YS (2006) Review of second-order
models for adsorption systems. J. Hazard.
Mater.;136(3):681-689.

[29] Ho YS, McKay G (1999) Pseudo-second
order model for sorption processes. Process
Biochem.;34:451-465.

[30] Manohar DM, Anoop Krishnan K,
Anirudhan TS (2002) Removal of Mercury(ll)

from aqueous solutions and chlor-alkali
industry wastewater using 2-
mercaptobenzimidazole-clay. Water
Res.;36:1609-16109.

[31] Stephen Inbaraj B, Sulochana N (2006)
Use of jackfruit peel carbon (JPC) for
adsorption of rhodamine-B, a basic dye from
aqueous  solution. Indian J.  Chem.
Technol.;13:17-23.

130



